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Preface

The shortage of scientists and engineers is a problem that has been

discussed and debated for many years. As a graduate mechanical engin-

eer, studying to leave the engineering discipline and enter that of

management, the author is personally involved, albeit in a small way,

in prolonging =his "shortage." But as a manager, the author may have

the responsibility of establishing manpower requirements for scientists

and engineers. It was, therefore, personally significant that the

author investigate this particular field. From this research effort the

author gained a deep appreciation for the importance, as well as the

difficulty, of fulfilling this responsibility well. From this paper it

is hoped that the reader will receive a similar appreciation.

The success of this study was directly dependent on the willingness

of more than fifty interviewees to discuss various aspects of this

subject with the author. The author appreciates the time and ideas of

these people. Whereas individual acknowledgement cannot be made to each

of these interviewees, those that are specifically given credit in the

body of this report are listed in the bibliography. Likewise, apprecia-

tion ti expressed to the forty-six respondents who replied to the

author's letter requesting information concerning their establishment of

requirements for scientists and engineers. Those are specifically indi-

cated In Appendix B.

In June 1969 Captain Gabriel R. Fainon of the Department of Systems

anagament, Air Force Institute of Technolog worked on the research

effort with the author and contributed significantly to the formulation

of the research objective and approach. Thanks is also due to

ii
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Lieutenant Colonel Robert H. McIntire and Lieutenant Colonel

Frank A. Stickney, thesis advisors, both of the Department of Systems

IManagement, for their invaluable suggestions and criticisms in the pre-

paration of this thesis.

Although the author has done his best to insure the accuracy of

names, dates, and organizations of interviewees and letter respondents

as vell as the accuracy of their quotetions and ideas, he alone is

responsible for any errors that appear in thl s paper.

William A. Brumer
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Abstract

The establishment of operational manpower requirements for scientists

and engineers is an important function of management. The objective of

this research was first to describe and then to analyze this function

for improvemert. To describe the present procedure, the literature was

reviewed; infom~tion was requested from,_93 industrial firms, profess-

ional societies, and governimental agencies; and more than fifty persons

were interviewed by the author. Tt Vws found that there is no definite,

explicit method of deciding that a scientist or engineer it needed to

perform a particular task. Rather, this function of management is

greatly dependent on the individual manaer's judgment and intuition.

When this procedure was analyzed, it was found that there are sm

specific determinants which are used to establish these requirements

but, in general, managers are only vaguely avare of their siprificarce.

T ASC WMM are those which are related directly to the

requirements of the task and include technical expertise, creativity,

analytic ability, abillty to cmunicate technical Ideas, and the

"ability to think" normaly thought to be characteristic of a college

gaduate. ON-TA FZLA2D DMe NAN1 are independent of the task

and include flexibility of the scientlst-engineer, econaics, awtdla-

bility of personnel, "red tape", politics, prestige, prejudice, and

progrm priority.

To improve this procedure of establishing requiremnts for scien-

tists and engLneers, it is proposed that mnasrs eaboul be taught to

carefully and objectively identify 4 the spscifVA dstermuiants involv-

ad in a patlicular situatiaL. lbn tbey shou)d Judge the legIttmUa of
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( each specific determinant on the Isis of the organization's overall

objectives and use only those determinants judged to be legitimate in

the establishment of manpower requirements. The reco endations empha-

size that top management must be sincerely interested in this type of

improv.nent and assure that all management levels are working consis-

tently toward this goal.

(l
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ERNATION OF MANPOWER REQIJREDW2S

FOR SIMISTS AND ENGINERS

I. Intrcduction

Statement of the Problem

This thesis is concerned with the problem of determining me :ower

requirements for scienti.fic and engineering services. It is a d ,crip-

tion and analysis of the methods presently used to establish the

requirements.

Scientific and engineering talent is a relatively scarce c( :idity,

especially in the Air Force as will be shown later. It is, thel ore,

important that the available talent is not wasted. It is the ft zion

of a manager to direct and control his resources to accmpsish I

mission. While kLl but the poorest managers may even tua3ly get :e

mission accomplished, the better managers will do it effitnient2 One

as.•ect of this managerial task is to efficiently use manpower r .rces.

This is aided by an accurate and detailed analysis of the missi.

breaking it into integral subtasks, and grciping similar subtas I.-lou

man-sized units so that each employee bas a job which requires of

his highest level of ability. This factoring of subtasks is pa of tte

function of determining operational requfrments for manpover a - is.

In practiee, this determtaition is not a rigid, formlis zroce-

dure. ftther, each mnager's approach my be as difkerent as f

personality. For m skila, definite 6tandards bave been eot . Ashed

linking the volme and kind of york to the number and skills w -. r*ers-

for eple switebboard operators or engie mcbsuscs. But t!x --'rk of

1
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C scientists and engineers does not lend itself to such precise definition

and delimitation. Consequently, management has a much more active and

responsible role in the establishment of requirements for scientific and

engineering services.

Purpose

The objective of the research was to discover, describe, and

analyze the methods and procedures used by managers to establish re-

quirements for scientific and engineering services.

This description, in Chapter I11, reveals that there are a number

of "determinants" used by managers to establish these requirements. It

also points out that most managers are only vaguely aware of the exist-

once,' importance, and relevance of these determinants. In support of

the research objective this paper reports the nature of these determin-

ants to convince the reader that they are actually being used and to

emphasize that management is not overtly cognizant of their use.

Since the demand for scientific and engineering services is some-

what higher than the supply, it was conjectured that the requirements

for such services may be overstated. That is, scientists and engineers

may be employed to perform tasks that could be accanplished by other

personnel or equipment. To determine if these requirements are over-

stated, data were gathered to describe the methods and procedures that

mangers use to establish requirements for scientific and engineering

services.

But it was imnediately realized that the determination of whether

requirements are overstated is a matter of judpent. To make this

determination, same type of norm or standard should be used to establish

2
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the definition of a correct statement of requirements. To this end such

a standard was sought, but none was found. Consequently a standard is

proposed in Chapter IV.

Using this standard conclusions 6re drawn and reccmendations are

made for improving the present methods and procedures so that require-

ments for scientific and engineering services can be stated accurately.

Scope

The general problem of the shortage of sceintists and engineers is

discussed in Chapter II primarily to explain to the reader the origin,

importance and impact of this problem. One of several solutions to this

problem is to improve the utilization of scientists and engineers there-

by accomplishing two independent results. First, their productivity may

be increased and second, since they muy be more satisfied with their

work, they should tend to remain longer in the technical field. Improve-

ment of their utilization can be accomplished by employing less technically

qualified personnel to support them. Although this is not the only

method of improving utilization, it is the one of particular interest

tc this thesis, because from it is derived the responsibility of manage-

ment to allocate tasks to individuals such that their highest level of

ability is continually utilized. This is the function of accurately

determining operational requirements for manpower skills.

Since the work of scientists and engineers is of a creative nature,

the manager can not require a scientist or engineer to produce on demand

as he can with a machinist. The establishment of requirements for

scientists and engineers is much more difficult than the establishment

of requirements for skills that are more precisely definable. Therefore,

3
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[ mnagement must pay particular attention to its methods of establishing

requirements for scientists and engineers. This thesis is primarily

concerned with this small, but significant aspect of the general problem

of the shortage of scientists and engineers.

It was originally intended to limit this investigation to five

specific scientific and engineering disciplines in the Air Force Systems

Cemand (Appendix A). As the research progressed, it became increasintk-

ly clear that the distinction between specific disciplines -- mechanical

engineer vs. chemist for example -- was irrele'ant. It was much more

natural to consider only those characteristics of a "scientist-engineer"

which were comon to any other "scientist-engineer". The distinction is

between the scientist-engineer and those personnel which support him

with skills such as technician, clerk, secretary, computer prograwmer,

( and manager.

The limitation to the Air Force Systems Ccimand (Systems Ca~and)

was also soaewhat irrelevant. In general, all scientists and engineers

in the United States have similar characteristics. Since these charac-

teristics constituted the primary focus of attention, the results of

this research are applicable to establishing technical manpower require-

ments in many environments. The facilities available for detailed study

for the most part did belong to the Sywzeme Cmmnd. Therefore, the

resualts are biased somewhat toward this particular organization. Since

the Systems Command units at Wright-Patterson Air Force Base &i.r, pri-

marily involved with researeh and develouient (R&D), the results are

also biased toward the scientist-engineer working in an R&D environment.

This analysis makes no distinction between the military and civilian

scientist-engineer.

!4
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Although the study is most definitely concerned with scientists and

engineers, the reader may find the results applicable to other manpower

skills.

Importance

The importance of studying this problem has been aptly expressed

by several authorities in this field:

Mr. Vincent E. Holland of Westinghouse Electric Corporation: f
If our country is going to continue to be a world leader, if
our national econumr is going to continue to expand, if our
companies are to continue to compete, then we educational
and business leaders have a continuous challenge to face up
to the constantly changing responsibilities that we have for
the proper training, placement and utilization of technical
people (Ref 42:Th).

General Bernard Schriever:

The problem of retaining qualified junior officers is
clearly the most important problem facing this Comnand (Air
Force Systems Ccmsnd) and the Air Force in the future
(Ref 5:i).

Mr. Donald T. Jones of North American Aviation:

The creative engineer longs for recognition and challenging
assignents, and he needs opportunities to improve and
sharpen his own skills. When these conditions are met, his
sense of accomplishment, job performance and overall worth
to himself, his company, and society in general are at their
peak (Ref ldT:18).

Eugene Baudsepp in his book, lanaging Creative Scientists and Engineers:

Since this shortage of highly skilled technical talent by
all indications is going to be with us for decades to come.,
the only way we can incuro unhamperi., future arowth and
productivity is to find more efficient and offective ways of
managing, utilizing, and motivating creative professionals
(Ref 91:viii).

This may sound like a big challenge, but consider the rewards:

William J. Torpey of the Office of Civil and Defense Mobilization esti-

mated that a 5 imp ment in the utilization of scientists end

5
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f engineers would add to our effective professional forces as much as all

college graduates who complete their training in a single year (Ref 95:

106). In a recent survey of engineers in the Air Force Logistics

Command, Benton and Stanton found that "62 percent of the engineers

state that at least one quarter of their time is spent on duties which

do not require a technical or special knowledge of their profession"

(Ref 12:96). Considering the recent budget reductions by Congress and

resulting manpover reductions in the armed forces, it is even more

important today that those resources still available be used to the

utmost efficiency.

It has nov been established that efficient utilization of scientists

and engineers in an important concern. It is not enough to admonish

mnmgers to do a better job of utilizing their personnel. This has

f often been done (Ref I.T:19) and the problem still persists. Obviously.,

then, this is not the most effective method of improving utilization.

Monagers need som specific guidance as to HOW to utilize their person-

nel more efficiently. One specific method is to teach the mnaner to

ana4le his tasks to be performed so that he can accurately and objec-

tively detemine exactly what skills are needed to accomplish those

tasks. AIJdtionay, guidelines ustu be.established so that he can

t •juas the leitimacy of his determination on the basis of the overall

objectives of the orpnizatitn. This can re.ul% in an accurate state-

mint of requiremnts for scientific and engineering services.

]*fintions and As!119tions

S tem scientist-enginser" vill be used In this paper to refer

( ~~to Vas person %Wo hs a college eUp" (or an accepted equivalent) in

C6
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some technical area and is currently working in a job that requires the

application or possession of this technical background. The sc'entist-

engineer vho has become a marager constitutes a "grey area" in this

concept. For the purposes of this study, this person will be included

as a scientist-engineer if he is assigned to a task because he is ex-

pected to use his scientific or engineering talent in the accoplishment

of that task.

The scientist-engineer often performs tasks that do not require his

specialized skill and ability. It is assumed that these tasks can be

acccmplished by either a technician or an administrative assistant. In

general, a technician is considered to be a person who can understand

and apply some of the technical aspects of the scientist-engineer's

work vhereas the administrative assistant handles sa of his paperwork,

clerical, en administrative details. All support personnel are herein

considered to fall in one of these two categories for ease of discussion

rather than to rigidly define their work. Tat is, secretaries, clerks,

computer progpmrs, laboratory machinists, etc. will ail be considered

support to the scientist-enginoer and the reader can decide for himself

It a particular skill vould fit better under "technician" or "-atinis-

trative assistant".

To accomplish the purposes of the rescarch(i.e., discover, describe,

and amly the methods and procedures used by mnagers to establish

reqauirmnts for scientific and engineering services) thrs tyls of

data satces wre used. First, the llteratur available concerning this

* o bct vs rvevewd for Swoml backp•or d purprees. Secod, letters

T
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were mai.ed to industrial firms, professional societies, and govern-

mental agencies asking for infomation describing their methods and

procedures. And third, intervievs vere conducted vith managers, mostly

at Wight-Patterson Air Force Base, vho have the responsibility to

establish requirments for scientific and engineering services to deter-

mine their methods and procedures. A standard for Judging the

overstatemnt of requPremnts for scientists and engineers was also

sought in all of these dota sources.

ffj3?othesis. In the section entitled "Purpose" it vas explained

that to Judge the overstataent of requirements for scientific and

engineering services a standard should be used. The hypothesis is con-

F• earned with discovering such a standard anC is stated:

There is a standard or guideline which aids managers in
establishig requirmtnts for scientific and engineering

( services.

As antionet, in the section entitled "Scope" the facilities available to

this stud vere primarily the R&D envimomnt in selected units of the

te Co mam. nd. In reality, this bpothxesis is tested only in this

envlrommest, but. froa the reviev of the literature and from the replies

to letters, it Is this muthor's opinion that for the purposes of this

paper the RM semirn of the Systams Oamad is wwhat typical of

&W envis mm t %re stientsts and engineers an amqg'ed,

terle an no fc~a statistical tests of this hypothesis. Bather,

data an peasnted sad mauasione cncernift its validity are logically

kcatw at thisj byptbaies require the d1secier.y of a standard.

It was felt that if a stm ad did exist, it would be rv AAed in one

Moft eptAbos deft thscum tesss.irste ic fastnad

8
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Literature Review. Literature concerning the shortage of scien-

tists and engineers goes back to the post World War II years and covers

a wide variety of aspects and approaches to this problem. A review of

the first section in the bibliography will show the reader the many

subjects, authors, and organizattions that have been involved with this

problem. The next chapter, entitled "Background of the Problem", is

included to explain in detail some of these many facets so that the

reader can appreciate the importance and size of the problem of the

shortage of scientists and engineers. The chapter then presents one

possible solution to this problem--better utilization of scientists and

engineers--to describe vhat other people have done with this solution

and to emphasize its importance. Finally, Chapter 11 describes the

attempts others have made to determine manpower requirements. This

review of the literature is presented to show its wide range and to

indicate that few workable solutions have been developed.

Letters. Once the efforts of the past had been reviewed, it was

felt important to be aware of the efforts presently applied. To learn

of these, information was requested from sixty-seven industrial firms,

four not-for-profit firma, sixteen professional societies and associa-

tions and six federal govermental agencies (Appendix B). These four

groups of organizations Vero chosen because it was felt they would

adequatelry ojpn mananment of scientists and engineers in MD environ-

mants in the United States. The total number of letters sent was

l1aited by the time available and effort required to address and mail

tbm and to read and digest the replies. It was expected that replies

would be received frs about thirty to forty percent of the letters

Mailed. It vas felt that this quantity would be sufficient to determne

9
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(1current practices in non-Air Force organizations and to reveal the use

of a standard to Judge the overstatement of requirements. The decision

as to which specific organizations letters vere to be sent was based on

the desire to cover man different types of organizations. Industrial

firms were chosen primarily from a list of those companies that vere

avarded government contracts in 1965 (a readily available list) (Ref:

36). It was desired to cover as vide a variety of industries and sizes

of firms as possible. Not-for-profit firms who do business with the

U. S. Goverument were chosen on the basis of readily available addresses.

Professional societies were chosen to represent the various scientific

and engineering disciplines. And other goverrnet;ta agencies were

chosen to span those that substantially use scientists and engineers in

an R&D enviroment. Appendix A displays the basic content of the letter,

C Appendix B lists those individual orgazaiations that received a coW of

the letter and Appendix C is a statistical sumary of the number of

letters sent and replies received. Most letters were mailed in June

1969, but amce replies suggested other sources of information, so

similar letters were sent to these later in the su r of 1969. The

Individual respondents who are specifically given credit for their ideas

sad qotations in this paper are listed in the second section of the

bibliogrpkW.

Interviews. To deteraln the practices used In the Air Force,

specifioally in the Air Force Oystwes Camand, interviews were held vith

am than fifty persons. Sme of theme interviews.were not pertinent to

the sbject of detemining reWuirLmnts for scientists and engineers,

but did provide backpund ifrssions and Idea to the author. It Vas

desied to interview sam who bad th resmponlbility for establishing

10
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requirements for scientists and engineers. These were often first line

managers, but sometimes higher level marmers were very helpful. The

third section in the bibliography lists those twenty-seven interviewees

to which credit is given for ideas or quotations in this paper. For

the most part, these interviewees provided the most helpful and pertin-

ent informtion, but the other twenty-five or so did leave ideas and

impressions which were assimilated by the author and strengthened his

understanding of the present practices, procedures, and methods used

in the R&D environment of the Systems Comand.

The interview was open-ended and unstructured. The interviewee

was told the basic purpose of the research and the intent of the inter-

view and then asked to expound. Often the discussion would lead off on

a tangent. Although the author usually was able to redirect the course

of the interview, som interviews ended with no data pertinent to the

establishment of requirements for scientists and engineers.

Most interviews were conducted in person and lasted about one hour.

Scme interview were conducted by telephone and were as short as five

minutes and as long as an hour.

fisults of the Interview and letters are col.octe and presented

in Chapter IU, "Now Requirmets are Deteazned TodaW.

11
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II. Background of the Problem

This chapter presents the basis for the research described in

Chapter II1. Here, the basic problem of the "shortage of scientists

and engineers" is explained from its origin for the reader to obtain an

appreciation for the importance and relevance of manpower determinants

to the Systems Ccmmand, the Air Force, and the United States. This

chapter serves the purposes of shoving the reader the variety of authors

and literature concerning this subject, the wide range of approaches

that have been undertaken, and the fact that standardizing scientific

and engineering manpower determinants is such an elusive task, that most,

if not all, approaches circumvent this problem and address themselves to

more maageable, but not necessarily more important, problins.

2 SorMaE of Scientists and Engineers

The demands of World War TI for new and better products, processes,

and methods together with the government's villingness to spend money on

new technology created a high demnd for scientists and engineers. To

meet this deand, more and more college freshmen enrolled In scientific

ea e*ngviering courses. Beause of the four years reqired for train-

I4 there va a shortage mediately following the var, but soon, there

vert my sceetisfts and engineers to fill the post var demand. The

s~aguwe " over a.d yog n were counseled &ainst scie~tlfic &i

ag•in at the outbreak of the Korean War. Mw educatora realized their

mistake and have ever since advocated the technical professiom (Ref 12:

1). M cantinaed limited war and pee tim prosperity has kept the

M.A for mew technolog t a hbI level.

12
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"A I1=Shortly after the outbreak of hostilities in Korea, it was wii ý-y

believed that the anticipated increase in defense spending would c• .e

serious shortages of himan resources. In late 1952 the Director o hae

Office of Defense Mobilization realized that the manpower needs "h v,

been met to date without great strain--except for persistent short . .s

of engineers, scientists, and other professional people..." (Ref E .:-42).

To cope with this problem, several organizations were formed

discover possible solutions to the problem. In 1953 tk- National

Ma~npower Council was established to

evaluate manpower problems of major concern to the country
in this period of enduring emergency and to recamend constr%,-
tive policies for their solution (Ref 69:vii).

A similar organization, the President's Committee on Scientists s,

Engineers was established in 1957 to

coordinate and stimulate the nation's efforts to meet the
crowing needs for qualified scientific and engineering
msL-ýover (Ref 101:99).

In 1961 the Standing Camittee of the Federal Council for Science -

Technolog began actively studying the enviroment of federal lab -

tories in an attempt to make them attractive and satisfying rlace "

employment for scientists and engineers and to improve the effim and

effective utilization of their staff (Ref 34:1). And the Rginee .g

Manpower Comtssion vas organized to develop propvs to prnoto

most effective utilization of engineers in support of the natloL

health, safety, and interest (Bef 33t3).

The efforts of these ormanizations vere based on the belief at.t

there vas in fact a shortage of engineers and scientists. The a 41we5

wre full of ads for techrd.-cl people (Pea 51:26); the 'ncrease

salaries for scientists and engineers rose sbarpay and dispropcu .ately

- -.- 3 - .
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(Ref 27:1; 67:144). Even President Kennedy in 1962 expressed concern

that

one of the most critical problems facing this nation is the
inadequacy of supply of scientific and technical manpower to
satisfy the exparding requirements for this country's re-
search and development efforts in the near future (Ref 75:1).

Definition of "Shortage", To examine the meaning of a "shortage"

-at this point would give the reader a critical and definite concept of

the type of shortage concerned herein.

DeHaven of the Rand Corporation has approached this subject by

discussing a variety of concepts of "shortage". Sometimes a "shortage"

is used to mean absolute scarcity. Thus, water is "short" in the middle

of the Sahaaa Desert. In 1953 there were 84,000 dentists and 633,000

engineers emp'loyed in the United States. If relative scarcity, then, is

the criterion of "shortage", dentists are "shorter" than engineers.

Sometimes the word "shortage" is used to indicate any reduction in

supply to which we have become accustomed. Thus, "rainfall is unusually

light this year, so water will be short". Sometimes a "shortage" is

said 'o exist when monopolistic or other practices occur which artificial-

l3y limit the. si.2 . Thus, consumer goods are "short" in Russia because

the government limits the'production of these items (Ref 27:3). Blank

and Stiegler suggest that a shortage sometimes occurs when the supply

is less than the amount declared by some established criterion (Ref

13:23).

The strict economic concept of a "shortage" would be a higher

demmnd than supply at the current market price (Ref 9; 13:23; 27:5;

67:11). Blank and Steigler go one step further to suggest that "a

shortage exists when the number of workers available (the suDply)

14
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increases less rapidly than the number demanded at the salary paid in

the recent past" (Ref 13:24).

It is readily realized that there is neither an absolute scarcity

or a relative scarcity of scientists and engineers in the United States.

DeHaven points out that there are no attempts to limit the numbers of

students entering science or engineering courses or other artificial

limitations of the supply. Rather, science and engineering today is

actively promoted by professionals, educators end businessmen (Ref 27:4).

There is no national criterion dictating the nuber of scientists and

engineers although many individual firms rand offices have established

their own criteria.

But there has been a reduction in the supply to which we have

become accustomed. Benton and Stanton report that in 1950 our colleges

graduated 50,000 engineers, in 1960, 38,000, and in 1962, only 36,500

(Ref 12:2). More recently, the number of annual graduates has leveled

offf to about 35,000 (Ref 163). Although there is evidence that the

number of yearly graduates will begin to increase, 40,000 job openings

are expected annually through the 1970's (Ref 108) indicating that the

increase in supply will be less than the increase in demand.

Reasons for the Shortage. It may be recognized that indeed there

is a shortage of scientists and engineers in the United States. A

combination of many factors has contributed to this shortage. They

include 1) a low birth rate population of the pre-World War 1I years

now serving a high birth rate population (Ref 101:98); 2) expansion of

industry to meet the demands for additional goods and serv•ices; 3) an

increasingly larger amount of engineering time required for the devel-

opment of complex industrial products and processes; 4) expected

15
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continued growth of expenditures for R&D (Ref 109:73); 5) revolutionary

scientific disco,,eries; 6) the national defense effort; 7) the needs of

other developing nations (Ref 59:96); and 8) the present war in South-

east Asia encouraging a larger number of scientists and angineers to go

on to graduate school (Ref 163). DeHaven felt that a reason for the

shortage was that

... the huge government expenditua.s for weapon systems devel-
opment and production has already sopped up so many physical
scientist and engineers and the continued program requires so
many more that a "shortage" of those trained categories exists
(Ref 27:1).

j It has been recognized that t'V. supply available to the Air Force

is even shorter than that available to the nation. In June 1967

General Ferguson, Commander of the Air Force Systems Command, addressed

a letter to General McConnell, Air Force Chief of Staff, concerning a

: ( "better balance and a more equitable distribution of the scarce S&DE

(Scientific and Development Engineering) officer talent we have in the

Air Force today" (Ref 35). In reply. the Director of Manpower and

Organization, Headquarters U. S. Air Force (AFOPM) stated that "the

responsibility of AFOW4 to keep the authorization of these 'limited

resource' skills in proper balance involves recognition of the following

prim factors:

a. The requirement for S&D officers, as expressed by the major

coands, is steadily increasing.

b. The national resource for S&D personnel that is available to

I the USAF is decreasing" (Ref 100).
a•ydale of the Personnel Research laboratory realized that a cause

of this problem is that "the total demand for h.gh quality scientific

and technical personnel exceeds the supply and the cream of the supply

16
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goes where it finds the most desirable compensation" (Ref 30:2). A

significant portion of an individual's compensation is his job satis-

faction. Although the term "Job satisfaction" provokes a variety of

ideas and concepts, one aspect pertinent to scientists and engineers

is the fulfillment that comes from continually delving into challenging

work assignments. Similarly, the scientist-engineer is dissatisfied

when he is forced to perform duties which he feels are degrading and

a waste of his time. A 1966 Department of Defense study concluded

that "Job satisfaction... is the most important single factor influ-

encing junior officers to remain in Service beyond their obligated

tours..." (Ref 50:1). Davis reports the results of a survey that

found that "with scientists in the Federal Government the most serious

problex is an inadequate number of trained technicians" (Ref 26:290).

And Benton and Stanton in their research concluded that "the results

of these analyses indicate that there exists a less than optimal usage

of engineers in industry, the United States Air Force and the Uir Force

Logistics Command. This is one of the contributing factors to the

apparant shortage of engineers" (Ref 12:xi). If the utilization of

the scientists and engineers in the Air Force could be improved, not

only would more efficiency be recovered from the ones available, but

more would becoe available through a decrease in attrition.

Solutions to the Shortage Problem. Over the years, there have

been many suggestions to solve the problem of the 3hortage of scientists

and engineers. In the 1950's when the problem was first recognized, the

immediately obvious solution was to increase the sunply by graduating

more people each year. Mhis of course, was dependent on both the rate

at which educational facilities could expand and upon the number of

17
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young people electing to prepare for the scientific and engineering pro-

fessions (Ref 110:105). This was still felt to be an important solution

in 1963. A manpower report to the President stated that "the expected

large imbalances between personnel requirements and supply point to the

need for a strong national effort to ... attract more students into

engineering schools and to reduce the attrition rate in these schools"

(Ref 110: 107) .

Bhzt back in 1956 the National Science Foundation felt that "the

mjor factor in the current shortage of scientists and egineers, in our

opinion, is an increase in demand, rather than a shortage in supply"

(nef 73:33). Whether it is an increase in desand or a shortage in

supply, the net result continues to be that there are not enough scien-

tists and engineers to fill the demand at the present mrket price.

T(he point of DeHlaven's article (Wsf 27) vas that the federal govern-

uent controls the salaries of the majority of the nation's scientists

and engineers either directly thzrouh federal employment or indirectly

through approval of the cost of a contract (which includes the slarles

of scientists and engineers). Th governmnt of course keeps this cost

as low as possible. Ow other cq*n•ies that don't have government con-

trct can pay Just a little bit awre, taking the best scientists and

engineers from pver~snt work. the net result is that since man

scientists and engners ae paid l]ss than they are worth, it is

econical to use them to perftm technician's and aftinistrative support

tasks ratber than hire slightly cheaper help to acecmplish these tune-

tions: If, an the other band, free Ccspetition ware to prtvail, the

( saLlary paid to scientists and engineers would be wuch higher Man mmana-

mant vmld be ms concerned about hbw scientists and engineers used

-.. 18 .
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their high-priced talent. Additionally, many more people would want to
40~

enter the scientific and engineering careers. To alleviate this situa-

tion, Delaven suggests that

If managers decide the best course for their organization isr to pay high prices for high caliber engineers and scientists
and maintain a high ratio of technicians to professionals,
this course should be perfectly open to them .... The contract
should be such to free the market for scientists and engi-

neers by restoring managerial perogatives to the entrepreneur
(Ref 27:14,15).

Another suggestion concerns the salary and status symbols given

scientists and engineers. Walters suggests

... recognize the principle that scientific and technical con-
tributions are as important as those made by management
personnel.... Wke the higher salaries available to top
technical personnel without requiring them to shift to nmnage-
ment occupations (Ref 116:393).

Orth has a similar suggestion, but he feels that there ought to be two

categories of scientists and engineers--operating and administrative.

The operating engineer is the man who chooses to remain a technical

specialist. Give him the status he requires and the rewards he would be

happy to accept. The administrative engineer should be a resource person;

his mahior function should be helping rather than directing. Fi job is

to release the creative ability of the operating engineer (Ref 81:130).

In 1963 the Directorate of Civilian Personnel, Readquarters U. S.

Air Foree published a stibU which suggested

¶To reduce or possibly negate the effects of the skills inequm,-
r ity, one approach is to plan redial action within the

framework of administrative and ma ant areas of the Air
Force. These activities would have as their goal increased
productivity trough differential selection, placement, pro-

motion and retention of scientists and engineers. The
differentiation would be based upon rMedictionn of productivity
wh•ich in turn are devoloped thraug th Identification of
echarcteristics vhich define quality perfamnoe M11 scion-

" tiats wnd engiers (lof 96:1).
1-

!1
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( Finally, a common suggestion to solve the shortage of scientists

and engineers is to improve the efficiency of their utilization. This

I, involves the concept that the actual numbers of scientists and engi-

neers is not the real concern, rather it is the shortage of competent

scientific and engineering services (Ref 51:24). Improved utilization

is merely another vay of expressing the idea of receiving more scienti-

fic and engineering services from the same number of scientist and

engineers.

Utilization of Scientists and Engineers

It has been recognized that an improvement in the utilization of

scientists and engineers is an important and plausible way to increase

not only their niubers but their productivity as well. The National

)npover Council concluded a 1953 conference by agreeing that

Improving the utilization of engineers is often more diffi-
cult than it seems. It is not a mtter of techniques or
simple rules, but of dealing vith people who have their own
aim, vho insist on nmking their own mistakes and who do not
always vant to make the fullest use of their abilities in
directions desired by mana*a nt. When put into effect,
Aoreover, 8sted iUprovuaeents generally reveal unexpected
resiutancesIf 69:93).

Even though it is adaittedly a difficult problem to solve, its Im-

portan.e 'provides impetus to at least att~mpt a solution. To get a

better understanding of possible solutions, it vould first be instruc-

tive to eine sam of the more common causes of poor utilization.

Oafues of Poo Utilization. Placing the skilsl of a scientist-

eginser in the job of the manpr is an obvious misuse of technical

expertise if the managerial job has little -echnical content. It wy be

argued tkat the nager Mast have the technical background to do his Job.

5I1s point Is debata"U in mW instances nd serves only to circmvent
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"4,b the fact that the technical skills are not being properly used.

Another important difficulty is teaching the scientists and engi-

neers to use the technicians and administrative assistants available to

them. The scientist-engineer can not and should not try to do the

whole job himself. His primary responsibility is to plan the work and

to work the plan (Ref 59:97; 44:125). But many wish they could get

support. Often technicians and adminiatrative assistants are in short

supply (Ref 26:270; 166). Additionally, especially in the Air Force,

there is a considerable time lag between the request for and the receipt

of additional manpower (Ref 12:42; 144).

Since the scientist-engineer usually possesses the skills of the

support personnel, to a limited degree at least, he is capable of get-

ting the job done although it may take considerably longer (Ref 21:90).

This problem becames more pronounced when top management decides that

dollars could be saved by decreasing overhead and eliminating support

jobs (i.e. technicians, secretaries, clerks, administrative assistants,

etc). The first line supervisors find that the work still has to be

done and the only ones left to do it are the scientists and engineers

(Ref 157: 161).

Top management in the Air Force controls the number of the"e

support Jobs through its control of manpower nabers and skills. Air

Force managers must cope with this constraint as well as an independent

budgetary constraint, whereas mazy managers in private industry pay for

their manpower from their budget as they do for their raw materials and

equipment. The effect of several independent constraints cc the man&-

Pr has been described by Nicolai of the Office of the Director of

Defense Research and Engineering. In a theoretical a&a0yu8s using
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indifference curves and maximizing principles of economic analysis, he

demonstrated how the controls by top management over manpower spaces as

vell as the budget prevent the line manager from optimizing his organ-

izational effectiveness (Ref 79:1).

To many authors, the greatest cause of poor utilization of scien-

tists and engineers is the manager himself (Ref 8; 12:64,90; 14:191;

15:5; 42:69; 69:85). Consider this statement:

We still have to convince same managers that they 3hould
scrutinize their engineering departments and maximize the
utilization of their engineers by assigning as much york
as practical to technicians (sef 42:69).

Or this one:

In most companies eng-oeering work is not being evaluated
by mansant in order to deteimine what parts of it can or
should be done by people of lesser or different training
(Plef 8:22).

Te supervisors most likely do not knov precisely that any

one subordinate does task by task (sef 12:91).

And in an article admonisbhng scientist-managers, Barrow stated that

the scientific managers

.. utilize technical people in functions for vhich they are
not trained, ranglnjý frm "parts chasing" to top managemat.
This situatiou alne bleeds off an iineasurable amount of
talent so vital•y essential. Another problm vas the ten-
denqc on the part of most P&D organizations to meet the
frequent problem of overspent (usually referred to as
"underfuned) bwiAts by cutting back on support personnel
while maintaing large nibers of sciectists and e.ineers
to preserve a *basic capabilty for research". This ades to
the problem of the nDdutiltsation of technical piople (Hef

An excuse for this attitude is offered by Blood vho states that

•..anagent has been preoccupied with the many other areas
that am imortant to a corporation's going operations.

STechnical activities have assmum4 a Ocuition of Major lapor-
tana inthe total maert picture only relatively

22
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recertly, and this has resulted in a degree of neglect (Ref
15:5).

Solutions for Poor Utilization. Same of the causes of poor util-

ization immediately suggest obvious possible solutions. During the

literature review it was found that many authors had ideas concerning

improved utilization, but the literature describing applications of

these ideas vas sparse. hLis may be due to the fact that each indivi-

dual circumstance has its own peculiarities Vhich limit the use of the

particular solution on a wide scale, but it is the author's impression

from reviewing the literature that anaement has not been vita4y

concerned vith effecting a solution and, therefore, the problems persist.

One of the often mentioned solutions in the literature is that

managment should become genainely interested in improving utilizLtion

(Ref 15:105; 21:88; 4O:191; 4T:19; 115:18; 116:219). For example,

Wagner addressed a Mapower Utilization Conference in Buffalo, Nev York

in 1961 by saying:

To the industrial people in this audienhce I say that one of
the greatest contributions you can make to ewficcient use of
manpover is to identify and train an ers....If ve have
good managers, our manpower vill be used efficiently ... The
square pegs vill be put in the square holes...by a good
manager (Hof U14:14).

naement has several direct responsibilities with respect to

efficient manpower utilization. One of these is to motivate the employ-

ees to perform •ell. (Ref 40:191; 85:7; 91). It has been found that if

an individual is given none and more responsibility, be Is villing and

able to accept It and Is often more satisfied vith his Job because of

It (aer 69:37, 78, 85). Keeping scientists and engineers satisfied

also requires an effective cammication orte& vbereby the mandeer I.s

fully aere of his wbordinate' a problema, ccermns, hopes and deoires

23
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, (nef 61:34). Often scientists and engineers leave their Jobs for

sa~waent jobs to achieve more status, pay, etc. This not only puts a

drain on the technical skills, but sometimes produces relatively inccm-

petent managers who can perpetuate the utilization problem (Ref 14:191;

69:97; 80:12T7; 95:106).

Same mangers have found that the "scientific management" approach

Is advantageous for improved utilimztion, A computerized skill inven-

tory of all scientists and engineers in the firm affords instantaneous

access to a desired Wil (Ref 18, 44:127, 92; 115:16, 18; 116:89).

With an accurate knowledge of employees' skills, abilities and inter-

ests, he manager can expect his employee to take an active interest in

his Job, contribute more and get more satisfaction from his efforts

(nef 4T:19). Operations research methods Lave also becume important.

A Nvy Lieutenant Cimnnder Mae developed a plannirg model for optimum

utilization of manpower resources (fef 23). Mis falls in line vith a

recent Npertnt of Defense Directive that requires a systematic econo-

nic snal,.sis 4= making rti. u--re alocatice decisions concerning men,

mam, and materlal (Ref 29). But the "scientiftc" solution thus

obtaild is not the prixxy advantage. hther, the wesger Is forced

to ex3ricitly define the constraints and criteria oerating on the

1mobiin. Often this as"@ into quetion the existing policies and gols
Inan objectiv -^yr not othervise po"Itble (116f .11: 3).-

Another Mugestion for I;Vrofrd utilixatiou of scientists and

eagime is to retrain the older technical personsel in modern concepts

.-.fa eSZnQl, electrnic tube desiga to trsansltor design (Ref 40:191;

4fo t69:96).

11m1 am a~o tko mcat dbviou vas oa 1Iuorvin the utill anti on

2A



of scientists and engineers is to provide them with support--couput

test equipment, clerks, technicians and administrative assistants (

15:155; 44:126; 224):

Probably the first and most obvious way to conserve availaLle
scientific personnel is to reduce the diversion of profess-
ional talent to non professional activities. This suggestion
means the delegation of sub professional jobs to sub
professional people, clerical jobs to clerical people, minor
administrative jobs to administrative assistants, and so on
(Ref 40:195).

Hoyt expressed the importance of this concept by stating: J
It should be obvious that frm the viewpoint of efficient use
of the talent and education possessed by the professional per
sonnel to whom is entrusted the rerearch that is to be perfor
there should be assigned to help or support these professions
other individuals with lower-level mental abilities or with
more highly developed manual skills. The advantages of this
ccmbination of professional and technical support personnel
are clear: (1) each works continuously in the upper ranges
of his particular level of capability, is constantly challen-
ged by his work, and derives a sense of acccmplishment and
personal growth from it; and (2) lover-level skills are per-
formed by individuals vho are paid accordingly, resulting in
a lower overall cost of the project (Ref 44:124).

It may be argued that support people are in fact being utilis

In 1953 it vas reported that

.. s.ae shortages of scientific and professional personnel
have been alleviated by improvements in the utilimation of
manlpowr which have bad 1he effect of stretcning the exist-
ing supply. Thus auxiliary workers have been employed to
relieve qualified engineers from routine tasks so that they
can perform at a higher level of skill (Ref 67:14).

]kt the problem still persists. Iu 1963, Green remported

A rougb survey suggested that, despite the progress of
recent years, scaevhere betweer one ihird and one quarter of
our professional personnel's time is spent on work that coul
be done by technical aids, with a savAt maller amount
spent cc work that could be perorm*%- by clerks or secretazi

The American Sociot~y of Mechanical L~ginaers reported a survey 0:

englneers asking Iftht awsv"& do you thinkr should be taken to t

25
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the shortage of engineering manpower?" The largest single group of the

respondeuts (31)ý answered that more technical and clerical help should

be provided (Ref 88:20). Finallv, from their research last year, Benton

and Stanton concluded that "66% of the engineers (in the Air Force

Logistics Ccmand) could be more effect'.vely utilized in the perfor-

Smance of their technical duties by a reduction in non-technical work"!

(Ref 12:100).0

In 1965 the Federal Council for Science and Technology surveyed

1025 scientists and engineers in the federal government's R&D labora-

tories as to their individual satisfa•ction with their employment and

their opinions as to the efficient utilization of the staff. Out of

51 questions, the opinion "I should be given work that utilizes my skills

and abilities to a maximwn" was rated third in importance. Similarly,

the opinion "I shou?.d have adequate technical assistance" was rated

sixth in importance (Ref 34:5).

There have been similar surveye and studies with similar results

(Ref 47:13; 52; 97:325; 103; 106). It is not this author's intent to

report on all such surveys, but to indicate that the level of mal-

utilization of scientists' and engineers' skills is still high today

and that there is much room for improvement.

Determination nf Yanpower Requirements

The Need for a Measure of Manpower Requirements. It has been

shown that tLe problem of a shortage of scientists and engineers is im-

portant, that it can be at least s~mewhat alleviated by better utilization,

and that improved utilization can be accomplished by providing more

technical and administrative support to the scientists and engineers.
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The question now arises "How much and exactly what kind of support

is best?" It is the thesis of this author that this is the responsibil-

ity of the first line supervisor; it is his job to determine the exact

manpower requirements. That is, he should analyze his task, break it

into its basic elements, decide which subtasks need scientific and

engineering skills, technician's skills, clerical skills, etc., and

organize these subtasks into man-sized groups so that each individual

employee has a full time job performing work of his highest capability.

To perform this function, managers should have some standard or at

least some guidelines to aid them in deciding which subtask requires

which skill. A major purpose of the review of the literature was to

discover and identify such a standard or guideline. None was found.

Instead, the review of the literature emphasized that many people had

considered the problem of the shortage of scientists and engineers,

saoe people had advocated plausible suggestions for improving it, a few

had attempted to improve it in their own organizations, and several had

had some success.

In 1957, the Personnel laboratory at Lackland Air Force Base, Texas

conducted a study to survey available information at that time relative

to the shortage of scientists and engineers. Conferences were held

with representatives of some of the twenty-nine 9gencies identified as

being concerned with the problem, and reviews were made of the data and

publications available on the subject. The results of the investiga-

tion indicated that to that date no definite evaluation of the problem

had been provided, nor was it likely to be provided with the information

available, because "no clear measure of manpower requirements on a

national scale is in evidence" (Ref 58:v).

27
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("-. .• Examples of measures of manpower requirements. How does one

measure manpower requirements? There have been several attempts to do

just this in recent years. One of the most pertinent is the efforts by

the Air Force Management Enineering teams which review and approve all

manpower authorizations in the Air Force. To determine overall man-

power requirements on a division level, for example, they have developed

a Program Estimating Equation which uses past data to predict the amount

of manpower required as a function of the number of dollars budgeted

(sef 19). Very simply, one of these equations is of this form:

new $ budgeted
New Wanpower=

New ($fman) now + rate or change of ($7197n)

The rate of change of the dollars per man is based on data from several

previous years (Ref 141). It must be emphasized that this explanation

is gross simplification of this model.

Jcb evaluation has been used for many years to rationalize the

internal wage structure for hourly employees in industry. But as a

measure of manpower requirements, it is not extremely accurate. Its

greatest success is that it ccupels management to describe and classify

positions and to analyze their interrelationships for the purpose of

recognizing and correcting anomalies (Ref 83:9). Since the work of

scientists and engineers can not be precisely defined, job evaluation

has not been applied to scientific and engineering jobs as it has to

hourly industrial jobs. But there have been some attempts toward this

goal. The U. S. Army employs Method Engineering Surveys which are work

usapling studies to determine the exact amount of time spent on extra-
( .

neous duties (Bef 132). The Personnel Research Laboratory has performed
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I . a job inventory of Air Force officers in the R&D Management Utilization

Field (Ref 63) and Electronics Engineers (Ref 64). These inventories

have identified most of the major tasks that people in these fields

perform. This information should be useful to managers to aid them in

matching tasks to be performed with skills available.

The use of mathematical programning, operations research, and com-

puters has also been applied to measure and plan manpower requirements

(Ref T; 22; 25; 28; 31:2; 53; 56; 94; 98; 113). But virtually all of

these efforts are concerned with the overall manning function, that is,

the total nimber of employees in an organization. They don't give the

manager any guidelines at to how to decide, for example, whether an

engineer or a technician would be better suited to accomplish the task

in question.

An attempt to have the first line manager determine his require-

ments and efficiently use his manpower resources has been tried. A

concept known as "Man Friday" was initiated at Fort Belvoir, Virginia

in 1959 and later was attempted at the Air Force Avionics Laboratory at

Wright-°ýatterson Air Force Base. Ideally, it was desired to employ a

college graduate with a degree in business administration and an inter-

est in science or engineering to be a Man Friday. This person would be

able to conmunicate the ideas of management to the scientists and

engineers and vice versa. He would perform many of the administrative

duties of the scientists and engineero--not only filling out form•, but

understanding what information to include on the form. In practice,

it was difficult to find a college graduate who was willing to be sub-

ordinate to both management and the operative scientists and engineers

and who had no ambitions to be promoted to higher responsibility.
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Another important difficulty was that a Man Friday would have been con-

sidered overhead, and to authorize one Man Friday for every four or five

scientist-engineers could not be approved. The concept has since degen-

erated so that a Man Friday now is typically an experienced secretary

working for an entire branch. Her ability is not as great as the ideal

Man Friday and she is working for a much larger number of people than

ideally desired (Ref 15T; 161).

Mtper Requirements in the Air Force. An examination of the

official Air Force instructions concerning manpower requirements is

appropriate. Air Force YAnual 26-3 entitled Air Force Manpower Deter-

minants is concerned with defining the manpower requirements as closely

as possible and suggests three basic methods of doing this:

1. Work Center Meaning Standard. A Hq. USAF approved, quan-
ttative expression of manpower, by skill, required to
accomplish the defined responsibilities of a work center
at varying levels of workload volume.

2. Manning Criterion. A Hq. USAF approved quantitative ex-
pression of the manpower, by skill, allowed for the
performance of work at varying levels of workload volume.
(Does not meet the accuracy specifications of a manning
standard).

3. Program Estimating Equation. A mathematical equation
that uses a broadly based, program oriented, independent
variable to forecast and/or propem manpower require-
ments into future time periods (Ref 3:1-1, 1-2).

The role of these manpover determinants are further described:

By definition, manpower determinants are the family of stand-
ards, criteria, and progrta uotbivJting uquwtiorai usud to
determine, control, distribute, and program manpower resources.
Standards and criteria are the primary means used. However,
there are instances when the workload factor of a standard
or criteria is not programed or programable and an alter-
nate means is required. To bridge the gap from unprogrenuable
standards and criteria to the manpower progr•m requires the
development of a program estimating equation (Ref 3:1-2).

Mhe use of these deats is very Important in the Air Force since
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they "form the basis for developing the Basic Authorization File in the

Manpower Allocation and Accounting Subsystem" (Ref 3:1-2). It seems

odd then that for the R&D environment in the Air Force, determinants

for scientists and engineers have only just recently been estimated

with a program estimating equation (Ref 149). But the reason for

difficulty in applying these determinants is understandable. AFM 25-5,

bgement Engineering Proceedures, states that "work center manning

standards reflect, at varying workload volumes, the manpower cost of

performing a number of reasonably homogeneous activities, grouped into

what is called a work center" (Ref 2:1-1). A typical example of this

type of work center would be motor vehicle maintenance shop. Clearly

the day to day work of scientists and engineers is not "reasonably

homogeneous".

A Ma ement Engineering Team (Detachment 31 at the Foreign Tech-

nology Division at Wright-Patterson Air Force Base) has recently

developed manning criteria for a work center concerned with editing

and publishing the documented reports generated by that division (Ref

56; 150). The work there is also much more homogeneous than that which

scientists and engineers zLorMSIy perform.

It my be argued that the jcb descriptions outlined in AM 36-1j,

Officer Classification Manual, provide adequate determinants of the

type of work an electronic engineer (AFSC 2825), for example, is ex-

pected to perform. The manual goes into considerable detail. For

example, the electronics engineer

"...en•aes in continuous development and modification to
improve performance and suitability of electronic and elec-
trical equipment and systems. Establishes performance and
serviceability requirements for improved electronic and
electrical equipment including navigational aids;

31



GBK/M~(/69-2

countermeasures; television; guidance and control systems...
(Ref 4:AlO-39).

This job description is far too general to be of practical assistance

to a supervisor in establishing his requirements for engineering skills.

It may be noted that the job description does not include duties such

as run errands, escort visitors, type letters, gather data, etc. In

effect, it is officially expected that these functions are not an in-

herent part of the job of an electronics engineer.

As has been shown, the official Air Force instructions do nat

adequately define the manpower requirements for scientists and engi-

neers. Neither do the approaches attempted by various other organizations.

In fact, the literature provides no panacea either. Is this task then

an impossibility?

To answer this question it was felt that an intimate acquaintance

with the present method of determining manpower requirements would be

helpful. The literature does suggest sme methods being used, but to

interviev managers in the field vho have this responsibility was

thouamt most likely to provide the most accurate ansevr. The results

of theP intervievs are presented in the next chapter.
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III. How Requirements are Determined Today

Chapter II presented a summary of the ideas and solutions that have

been suggested and attempted in the past. This chapter describes the

proceedure for determining manpower requirements that is actually in use

today by mnagers. This proceedure was gleaned from inte.views, fran

the pertinent information supplied in same of the replies by letter, and

occasionally fran some of the authoritative literary sources.

Although the author spoke with more than fifty persons concerning

this research effort, only 27 are specifically referenced herein.

(These are listed in the bibliography.) The conversations with the.

others did contribute to the author's impressions concerning this

subject, but were either not germaine or not specific enough to varrant

direct reference. The selection of specific interviewees is discussed

in Chapter I under "Research Methodology".

In general, an interview began with an explanation of the overall

problem area and a statement of the objective of the research similar to

the presentation in Chapter I. The question was then asked, "How do you

determine your requirements for scientists and engineers?" la general,

the response of the interviewee at this point indicated that the question

was unfamiliar enough to suggest that little thought had been given the

problem pieviously. The fact that he ha. no immediate direct answer in-

dicatud that no atandard or guidoline wai ovctly in usw to uld him in

this decision.

A discussion then ensued with the object of getting the interviewee

to introspectively analyze his decision process. Often, it was diffi-

cult for the interviewee to honestly understand this objective and,
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C therefore, the interview was only partially successful. But most were

able to describe some of the aspects of their concepts of the definition

of a scientist-engineer, to contrast him to a technician or an adminis-

trative assistant, and to specify some of the considerations they

believed were significant in the determination of requirements for

scientific and engineering services.

Letters were sent to sixty-seven industrial firms, four not-for-

profit, firms, sixteen professional societies and associations, and six

other federal agencies. (Appendix B) They were addressed directly to

the president or chief executive with the request to forward the letter

to those subordinates who had the responsibility to establish require-

aents for scientific and engineering services.

None of the replies suggested that standards or guidelines were

overtly used, although one cipanqy mentioned "We are just now exploring

a Corporate Manpower Requirment System which should give us relevant

manpover information in the future" (Ref 126).

The respondents varied considerably in their understanding of the

basic problem, but many did try to answer the question by talking around

the subject, describing their concepts of a scientist-engineer, and

indicating some of the overall determinants of their requireinnts for

scientific and engineering services.

The information athered during the research consists primarily of

a number of specific quotations and broad concepts. The author has

interwoven the specific TqLotations into a context which he believes

accurately represents that broad concept which could be considered

"typical". This typical concept is based on the characteristics of a

scientist-engineer. fterefore, a description of a scientist-eaineer is

3J4



Gsx/sA/69-2

first presented, followed by other determinants of requirements for

scientific and engineering services that the respondents felt to be

significant.

It is not intended to imply that any one particular scientist or

engineer possesses all of the characteristics mentioned to the utmost

degree. Nor, did any one particular manager suggest all determinants

listed. Father, this is a compilation of the views of mwV persons

which wi.l naturally include a wider description than that which wovld

be considered applicable to any particu.ar scientist, engineer, or mam-

ger.

Characteristics of a Scientist-Engineer

Fra the responses of interviewees and letter respondents, it was

obvious to the author that one of the most important considerations a

manager uses in his establieent of requireuents for scientific and

engineering services is his basic concept of a scientist-engineer. The

author felt that this definition of a scientist-engineer was the primary

basis of the manager's decision process. One important question that

m be asked is "Do all mangers share the saoe definition of a

scientist-enaineer?" Pmca the reoesarh the author believes that in a

very general sense they do. But in a specific sense, each manager has a

unique.concept based on his own experiences and defimes a scientist-

engineer in terms of the specific work he performs. Since this stuy is

concerned with all scientists and engineers, the general concept is

appropriate and the folloving characteristics relate to the general de-

finition of a scientist-e*•oier.

Tlechnics~l. Mc e scientist-engieer to an expert in some
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C technical area. The scientist-engineer has "technical qualifications"

(Ref 162); a "knowledge of engineering" (Ref I44); "the basic textbook

knoledge" (Ref 147); "a good understanding of engineering principles,

practices, and techniques frcu both a theoretical and practical point

of view" (Ref i04:11); "expertise in sme technical area" (Ref 128); and

"breadth and depth of knowledge" (Ref 131).

Creativity. Creativity is considered a basic characteristic of a

scientist-engneer. It is he who does the "initial creative work" (Ref

154); the "original thinkin" (Ref 167). He develops "new phenmena or

techniques" (nief 14).; 1.66; 167) and "develops mthods" (Ref 109:70). He

=ut be "creative" (Ref 328; 131) and "iiaovutiye" (Ref 130; 131).

Analic Ability. The acient-st-engineer has acquired an ability

to thick "analytically ard precisely" (Ref 163). He has a "general

prablam solvina technique" (Blef 153); an "ansaytic ability" (Ref 328;

IQ); "ability to break the tsk into integral Pieces" (Ref 143). T•Bs

gives him the ability to "identify poWun and t.achnicl necessities"

(Bef 143). He then tendo to be "nit-icky ard pays attention to detai3t:

(isf 159).

T*eCN-ik CiMaunication. MW people insisted that a scientist-

enoneer biet tbo ability to ciumnicate technical infto tion (Ref 145;

11.8; 153; i6z: 163; 166; 167). go can understszfl not- only the terms

but aloo the conepts involved in the tranmiasion of techniefl ideas.

Be then has the abil3iy to intelligntly czancate with amy types of

people including other scientists and engineers, contzsctors, and pro-

cvz~t spcialsts(Ret )4)

Dr*&t of Peropetive. A "breadth of interest end perspective"

(ef 328) ambl.es the scientist-eniner to appl. his technical
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expertise in the world which provides an infinite variety of interm ....

tionships. He is able to "understand the overall objectives" (Ref .

and can interface his tecanical solution with 1) "other hardware" (w

i47); 2) "availability of materials" (Ref 147) and "manpower" (Ref

147; 156); 3) "costs" (Ref 127; -31; 147; 156); 4) "'ime or scbeduJA

(Ref 127; 131; 147; 156); 5) "priority of the program" (Ref 147); 6,

"volume of work to be done" (Ref 147); 7), "benefits to be derived" .:f

147), and "risk involved" (Ref 156), and 8) "technical feesibility" ..f

147; 162). The scientist-engineer also has the "initiative to keep

to date in his field" (Ref 144; 162) thereby guaranteeing his "knowi ge

of available equ.pment" (Ref 144) and techniques and enhancing his

ability to interface the many aspects inherrent in the oerall objec

tive. This concept of breadth of perspective is sometimes referred

as the "ability to think" (Ref 153).

Other Characteristics. Other characteristics of a professional

were mentioned by only a few sources and are collected her-e to indic

that the scientist-engineer is a rather "vell rounded" person. Some

these other characteristics are: "balance and comon sense" (Ref 13

"initiative and resourcefulnss" (Ref 104:13); "a professional att*t -

(Ref 151); "ability to take responslbillt~f (3sf 167); sA "judgnt

(Of 104:13; 132; 149).

Scientist-E4&neers vs. Support Personnel

To clarify their concept of a scientist,-•ni•wer, many responds

described vbat the scientist-enineer is not. That is, they discuss

the definition of a technician and an administrative assistant and

differentiated these frcs the scientist-enneer.
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S..Technician. "The technician works in direct support of the scien-

tiet or engineer" (Ref 1-2:728; 155). He does "routine lab tests" (Ref

112:629), "routine, non-ceative work" (Ref 154). He adapts "existing

procedures or fechniques" (Ref 105:22); "adapts and revises established

procedures through experimental methods" (Ref 105:22); "operates equip-

ment,, makes repetitive measurements, and reduces data to a desired form"

(Ref 166). "He assists, takes data, reduces data, and operates desk

calculators and adding machines" (Ref 125).

Most people interviewed found it easier to differentiate between a

scientist-engineer and a technician than to define a technician outright:

"A scientist-engineer does the thinking work and the technician
does the routine work" (Ref 166;167).

"The scientist-engineer does it the first time, the technician the
second time" (Ref :67).

"Scientist-engineers are theoreticians, technicians are practition-
ers; the scientist-engineer develops a peculiar solution whereas the
technician applies a standard solution and may modify it slightly" (Ref
14,j).

"In the field, for eyampie, the technician determines, the type of
fix while the engineer determines the size or amount of fix" (Ref 147).

"The scientist-engineer gets his education by training, the tech-

nician by experience" (Ref 156).

"A scientist-engineer has a college degree whereas a technician does

not" (Ref 147; 151; 155; 167).

"The technician notes a change in data, the scientist-engineer
recognizes the significance of the change" (Ref 166).

"The scientist-engincer defines the problem and the method of solu-

tion and the technician then gets the solution" (Ref 155).

Administrative Assistant. The term "administrative support" refers

to the non-technical tasks which are sometimes performed by a scientist-

engineer. Administrative support is supplied by people with Job titles

such as clerk, typist, errand boy, secretary, procurement officer, and
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administrative assistant. In this paper, these are all referred to as

administrative assistants.

To the question "Why can't an administrative assistant perform an

engineering task?", respondents answered:

"Specialized (tephnical) knowledge is required" (Ref 146).

"Knowledge of engineering methods is required" (Ref 109:70).

"A definition of technical requirfients is required" (Ref 143).

"If the job is engineering oriented, an 3ngineer will be able to do
it, but a non-engineer may be able to do it" (Ref 156; 159)

"The engineer can understand the significance of the (technical)
results better" (Ref 162).

Specific Determinants

This section assimilates some of the specific determinants of

requirements for scientific aud engineering services used by managers.

The first one--past experience of the manager--relates very closely to

the manager's definition of a scientist-engineer. The respondents

usually spoke of these two concepts together. But past experience in-

cludes more than just the concept of a scientist-engineer. The manager

uses this definition as a basis, then applies many of the other deter-

minants listed. This decision process is based on judgent and the

manager's past experience.

Past Experience. The most popular determinant of requirements for

scientific and engineering services was "past experience of the manager"

(Ref 122; 132; 133; 134; 140; 144; 147; 149; 150; 154; 156; 158; 165;

166). Some specific replies were:

"Ask other people who are familiar with the way things were done
before; relate to similar programs" (Ref 156).

"How did we do it before? How did someone else do it before?"
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(Ref 165).

"Analy~sis of past utilization" (Ref 132).

"The experience of the manager is most important" (Ref 156).

The terms "intuition" (Ref 158) and "Jud,&ent" (Ref 132; 149) were aso

.used tc imply past experience.

A closely related answer v ýs "Look at the job" (Ref 135; 147; 159).

"The nature of the function tells the kind and number of skills needed"

(Ref 14o0). "Knowledge of the nature of the work" (Ref 125). "Tailor

the manpower to meet tne requirements of the Jc-" (Ref 159). The impli-

cation here was that it was necessary to first analyze the job to

determine its requirements. then, by past experience, the manager could

specify what skills were needed.

Several respondents felt that the job descriptions or position

descriptions were adequate to eatablish what mnpower skills were

necessary (Ref 121; 123; 125; 135; 13i8; 142; 154; 158). Lizg-Temco-

Vought, Inc. sent the author documents containing "tbe guidance, cri-

teria and standards used in the hiring of manpower in our intermediate

job grade" (Ref 121). In part, the duties of a Eloctronic Systems

Engineer, for example, are to

Analyze and/n" develop and design major electronic an..
electrical control components or minor systems for various
fields surh as automati- navigatL'm or guidance systems,
stabilization systems and auto pilots, antenna systems,...
(Ref 321).

Flexibility. The idea that the scientist-engineer has the talent

and skill to perform V.9 duties of support personnel, to a limited ex-

tent at least, was felt by many to be a significant determinant. For

example:

"The scientist-engineer is a more flexible person than either a
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technician or an cdministrative assistant" (Ref 162).

"Engineers are adaptable to a wide variety of tasks" (Ref 145).

"The engineer can do a technician's work, but the technician can'tS~do engineering" (Ref 152) i

"When YOU Laed only one more man, hire an engin,:r because he's themost versati3•e" (Ref 163) i

"Managers are reqrired t-' keep the overhead down (a basic Air Force
•Policy). Therefore, a directive to cut my overall manpower means a out

in support personnel because they are the lease versatile" (Ref 152).

"When the defi;iition of the task is imprecise, the man tends to
nake his own job. Therefore, specify an engineer because you want the
best man for th• job" (Ref 166).

"If a technician were given an imprecise job, the chief would have

to take time out to train him" (Ref 156).

"Getting the work out is the prime consideration" (Ref 153).

Economics. Economic considerations are esnential to industry (Ref

125; 129; 132: 134; 136; 139). They hire scientists and engineers if

their budget will allow it. Some Air Force interviewees definitely felt

that if they had only a budgetary constraint with no manpower constraint,

they would be able to hire the support personnel they felt were required

and could possibly release sone of their scientists and engineers (Ref

152; 155; 162). On the other hand, a few felt that their overall oper-

ation would not be any more efficient with only a monetary constraint

(Ref 142).

Availability. Another factor mentioned often was "availability of

people to fill the authorizations: (Ref 122; 129; 134; 150; 153; 154;

156; 160; 164; 166). A knowledge of either the skills that were avail-

able or the specific persons available to fill a position had an

influence on how a requirement was specified. "Sometimes I specify a

requirement for an engineer because I know it is difficult to get a good
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technician' (Ref 159; 166). "The requirement is sometimes written to

fit the qua)ifications of a specific person who is available" (Rei 122;

156).

Red Tape. The "red tape" involved in getting requirements filled

plays a significant role. For example:

"General Air Force policy doesn't question the justification I
submit for an engLneering position nearly as much as it questions the
justification for an administrative assistant" (Ref 159).

"Tt's easier to get an engineering slot than a technician's slot"
(Ref 166).

"I can't let go of my slots during alack time of the year because
I won't be able to get them back during the busy times" (Ref 147).

"I have to guess at my future requirements because of the long
time lag between a request and the receipt of an engineer" (Ref 144).

Politics. Politics on a local organizational level is also a

factor in d,-'-ining requirements for scientists and engineers:

"Political implications of the Civil Service System" (Ref 149) with
respect to specific personnel getiing specific positions is an important
factor.

"The manager's influence on his superiors to get what he wants"
(Ref 163). This refers to the manager's "pull" or "apple polishing"
influence on his superiors.

"If another chief engineer of a higher grade and I were both con-
sidering hiring the same person, he would be given preference because of
his higher grade" (Ref 155).

Prestige. A manager receives a certain amount of prestige by

supervising scientists and engineers. "To supervise 17 engineers means

the manager gets promoted faster than his peer who supervises just a few

engineers" (Ref 151). "You can't have a GS 12 manager supervising a GS

13 engineer" (Ref 147), therefore, the manager is also promoted, whereas

if the subordinate was L. technician, he would perhaps be a GS 9. "It

takes a less competent manager to supervise technicians than it does

to supervise engineers" (Ref 155).
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Prejudice. In most R&D envirorments, the manager has an engineer-

ing background himself and therefore "likes to surround himself with his

own kind" (Ref 147; 151; 159; 166).

Program Priority. The priority of a particular program that re-

quires engineering skills has an interesting effect on the determination

of requirements. If the program has a rather high priority it will most

probably get all the scientists and engineers requested. And the manag-

K er of the program with a very low priority makes a definite effort to

hoard the engineers he has since his priority is so low, no one else

will do his engineering work. (Ref 13Z,; 133; ,147; 161; 163).
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|IV. Analysis of Present Methods

Test of the Hypothesis

In this section the hypothesis will be tested. As stzted in

Chapter I it is:

There is a standard or guideline which aids managers in establish-
ing requirements for scientific and engineering services.

Of ninety-three letters mailed, forty-six replies were received.

(Appendices B and C). Most of the respondents: concentrated on job

descriptions, performance evaluations and selection of the individual

scientists and engineers, but in so doing were able to express a philos-

ophy concerning the important characteristics of a scientist-engineer.

Few replies referred specifically to factors important in the determina-

tion of manpower requirements and none referred to specific guidelines

overtly used by managers in this decision.

Similarly, the interviews centered around the definition of a

scientist-engineer and some of the specific determinants used to estab-

lish requirements for scientists and engineers, but none indicated an

overt awareness of any guidelines for this determination.

Of course, it cannot be said that standards do not exist but it is

believed that the sample questioned represents a sufficiently wide

variety of managers, fields, and occupations, that it would reveal the

existence of any standards, criteria, or guidelines. Theoe findine3,

together with the abscence of any standards in the literature indicate

that no explicit, objective standard exists. Since the hypothesis,

therefore, cannot be accepted it is concluded that a standard or guide-

line which aids managers in establishing requirements for professional

it
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scientific and engineering services does not exist.

Since no standard is commonly used by managers, it would be signif-

icant to examine the method they do use to determine scientific and

engineering manpower requirements to see if it is logical, rational,

and legitimate. Fran this examination, a standard will be proposed and

whether or not requirements are overstated will be judged.

Frc this point, the discussion and conclusions will be biased to-

ward the Rf envirorent in the Air Force Systems Ccmnand. Managers in

other environments will find many of these aspects applicable to their

particular situations and can modify the results appropriately.

Characteristics of a Scientist-Migineer

As seen in Chapter III one of the most important determinants of

requirements for scientists and engineers uas the "past experience" of

the person charged with the responsibility of establishing technical

manpower requirements. Interviewees were able to express that they

based their determination of manpower requirements on past experlences,

but most were unable to explain that past experience in detail. By the

assimilatio- of all the data the author has what he believes to be an

accurate description of this "past experience".

It begins with the concept of a college education. In the minds of

the respondents, there was obviously a definite distinction between a

"college graduate" and a "non-college graduate". The diplcma is not

the most accurate criterion though because many respondents were quick

to point out that there were several older people who were considered

to have the equivalent of a college degree. What is it about a college

education (or its equivalent) that makes such an important distinction
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C between people? The overall goal of a college education is expressed by

One undergraduate college in its catalog:

The General Studies requirements are designed to expand the
capabilities of students to become involved, with interest
and understanding, with the full range of phenomena and ex-
perience available to man (Ref 46:27).

By rereading and reflecting on this quotation, the reader will be able

to understand that the real significant difference between a college

graduate and a non-college graduate Is the "potential to grow" (Ref 155).

This is the ability to expand his horizons--his capability of finding,

understanding, and enjoying new experiences and phencmena.

Similarly, the Ohio State University catalog states that

... The development of a student's knowledge requires not only
introducing him to a wide range of facts about man and the
11niverse, but stimulating him to search for relationships and
human significance in these facts, to the end that he acquire
the definite interests which are necessary for continuous in-
tellectual growth and the enjoyment of the intellectual life.
At the same time it involves not only teaching him how to
recognize a problem, its elements, its relationships and im-
plications and how to bring the whole into clear perspective,
but also encouraging him to re-examine problems in the light
of new conditions (Ref 82:133.).

On a practical level the college graduate is acquainted with the

basic technique of problem solving which takes into consideration the

infinite interactions and implications of the alternative solutions.

These skills and abilities that are learned In a college curricu-

lum, ae often referred to as the "ability to think". That person who

has not completed a baccalaureate program but is considered by his peers

to have the characteristics of a college graduate is perceived to have

acquired this "ability to think" through many years if experience. The

advantage of higher education is to coapress the time required to

achieve this ability. In a letter to the author, Curtis of the Geueral
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Electric Company explained that a non-degree holding engineer may be

... the rare outstanding individual without a degree who has
had extensive and clearly identifiable professional engineer-
ing experience and who is now doing engineering work. An
individual who has become skilled in one narrow technical
specialty through many years of practical experience would not
necessarily qualify for an engineering title unless he pos-
sessed technical knowledge applicable to other engineering
work which might be reasonably expected of a graduate
engineer (Ref 124).

It is the author's impression that the characteristic of a

scientist-engineer referred to as "breadth of perspective" in Chapter

III actually was meant to express the above concept of a college grad-

uate. ResponderAb were not able to explicitly express these ideas

probably because they had never been required to think consciously and

objectively about them. But it was apparent that they were aware that

the person with a college education was quite different from the high

school graduate. Primarily, there are two general skills under con-

sideration. One is that skill represented by a college education and

the other is the skill represented by the technical chariacteristics of

a scientist-engineer (i.e. technical e.cpertise, creativity, analytic

ability, and ability to cmunicate technical concepts). In this gen-

eral., oversimplified model, the technician has the technical skills,

the administrative assistant has the college education, and the

scientist-engineer has both. Of course, in reality, most technicians

don't have technical skills identical to the scientist-engineer and

many administrative assistants don't have that quality implied by a

college education. But it can be appreciated that the scientist-

engineer who has the combination of both these skills is a very flexible

individual of much more value to the manwger than either of the other

two. It is no wonder that managers prefer to request scientists and
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engineers rather than support personnel.

When a respondent unsvered that he determined manpower require-

ments on the basis of past experience, the job description, or 'I just

look at the job", the author felt that he was ccmparing the require-

ments that he saw in the job to the above concept of the definition of

a scientist-engineer. If he thought that the job required the "ability

to think", it, therefore, required a college graduate. Additionally,

if it involved a scientific or engineering technicality, he would assume

that an administrative assistant with a B.A. degree could not handle it.

In practice, this decision process doesn't take nearly as long as

it does to read this page. Rather, it is generally an instantaneous,

"obvious" decision for most managers. Herein lies the real problem.

On what basis does the manager decide that the job involves a scientific

or engineering technicality or that it requires "the ability to think"?

That is, on vhat basis does the manager determine his manpower require-

ments. Frca the research, the author believes th-t this detemination

is based on a combination of the specific determinants listed in

Chapter UT together with mana&erial Judgment and intuition. This

constitutes the process of establishing manpovex requirwer.ts that is

presently used. But if there vere acme standard which could guide and.

improve the manager's decision process, there could be an improvement

in the utilization of scientists end engineers resulting in a net

dollar savings to the anager as yell as a reduction in the sho- tage -

scientists and engineers.

Develouent of a Standard

By relating the characteristics of a scientist or engineer to the
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requirements of a job, the manager is able to dotermine the neceesit

of requesting scientific or engineering services. Since the actual

or task is the primary focus here, the characteristics of a scientiE

engineer together with the manager's "past experience" may be thougt

of as TASK REIATED DReigWNANTS.

Conversely, the other determinants listed in Chaptcr III--flexi

bility, economics, availability, "red tape", politics, prestige,

prejudice, and priority--are all independent of the actual task to I

performed. These are considered to b, NON-TASK MELATED IDNARI'w

The task related determinants are directly dependent on the tat

to be performed. If the task Is to weld two piece, of steel, sameor

with this particular skill or knowledge must be employed. On the o

hand, the non-task related determirants have no relationship to the b.

If the steel is to be welded on a high scaffold, a welder who is af -

of heights will not be useful, but an adventurous young man -who is

available might be quickly taught the necessary fundamentals of weLJ .(f.

It is not suggested that the specific determinant3 mentioned i.

Chapter III exhaust the list of those possible. But it is assumed -

any other specific determinant can be logically placed in one of th.

two categories.

The manager must consider both the task rel .ted determinants a

the non-task related determinants in his decision to require scient -C

and engineering services. If he is objectively aware vf all the

specific determinants that are significant to his particular situat

he is in a poSitiot to consider the legitimcy of each in the deter

nination of his manpower requiresents.

Herein lies the key to the duvelotinnt of a tanrdard for deter :•
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scientific and engineering manpower requiremen~ts: Each fiper-ific deter-

minant must be carefully identified and considerca. as to its re"le-vance

and legitimacy. Once th-.s is done, those that are considered legiti-

mate are the only ones used to establish manpower requirements.

The second phase of the development. of this standard is to decide

the legitimacy of each determinant. If a manager's decision concerning

manpower requirements is consistent with an established basis, it may

be said that his decision is legitimate. But who establishes such a

basis? It is the thesie of the author that this is the function of top

management. The legitimacy of a particular determinant or of the appli-

cation of a determinant in a particular situation is directly dependent

on the overall objectives of the organization--whether it be an indus-

trial-firm or the U. S. Air Force. The oveiall objectives are

established by the top managefni't. and every decision within the organ-

ization must be consistent with these objectives. This of course

includes decisions as to which specific manpower skills are required.

Often the first line manager making this decision does not have a clear

understanding of the overall objectives of the organization and there-

fore is not in a position to make good manpower decisions. If top

management feels that the first line manager should not or cannot have

a clear understanding of the overall objectives,, it should provide some

very specific guidance as to which determinants are legitimate and

which are not. But, if the first line manager is aware of the overall

goals and is free to make decisions relative to them., then he can de-

cide for himself which determinants are legitimate.

The standard proposed herein, therefore, consists of two points:
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1. The first line manager should carefully and objectively iden-
tify all the specific determinants involved in a particular
decision to establish requirements for scientific and engineer-
ing services.

2. He should then judge the legitimacy of each of thesk- specific
determinants on the bcsis of the organization's overall ob-
jectives and use only those determinants judged to be
legitimate in his establishment of manpower requirements.

Mentally grouping determinants into the categories TASK RELATED and

NON-TASK RELATED will aid the manager both in identifing all the deter-

minants involved and in judging the legitimacy of each.

This standard is not a radically new idea. Rather, it challenges

one to apply the depth, objectivity, and thoroughness it requires.

Managers today are somewhat aware that a variety of determinants are

involved and that scme can be considered illegitimate. But the diffi-

culty is that this is only a vague awareness. This aspect of management

is still an art based on human intuition whereas it could approach the

accuracy and repeatability of a science if a standard such as the one

proposed were used.

A Practical Application of this Standard

Today, if two managers were to independently decide which skills

were necessary to perform a particular task, they might arrive at two

very different conclusions. For example, in the Foreign Technology

Division (FTD) at Wright-Patterson Air Force Base, just this situation

occurred. The Manpower Engineering Team confirmed the FTD manager'c

decision that engineers were needed in the Resources Application Office,

but a member of an inspection team believed that this was an unneces-

sary application of engineering talent. The arguments for using engineers

included the necessity for 1) technical ccmunication,2) technical
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f interpretation of guidance from higher headquarters, 3) the general

problem solving technique learned in engineering school, and 4) the

assurance that the job would be performed well (i.e. a non-engineer may

fail to perform the job well) (Ref 153). On the other hand the arguments

against using engineers included 1) the majority of the workload is

administrative - 60%, 2) the job will hurt the growth of young engineer-

ing officers, and 3) the officers are dissilusioned--they are not doing

engineering work as they thought they would when they entered the Air

Force (Ref Anonymous).

If the actual determinants for this task were identified, the two

parties could take each one in turn and debate its legitimacy. But

they presently do not have a common understanding and agreement as to

which determinants are legitimate because of confusion as to the rela-

tionship of manpower requirements to the overall goals of the Air Force.

Let us apply the standard to this example to see how it can work

in practice. It is first necessary to identify all the determinants

involved in the decision. From the arguments given for and against the

use of engineers we can see that some of the determinants are:

1. The ability to communicate (i.e., transmit and receive) tech-
nical ideas.

2. The "ability to think" related specifically to the problem
solving technique learned in a college curriculum.

3. The peace of mind of the supervisor that the job would be per-
formed well.

4. 60% of the workload is administrative.

5. Specific engineering experience is important to the careers of
young engineering officers.

6. To make sure the Air Force retains its critical talent, it is
important to give young officers the type of work they expected
to perform when they entered the Air Force.
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To aid in assuring that all determinants involved are mentioned, the

determinants are categorized. Task related determinants would include

those numbered 1, 2, and 4, while non-task related determinants would

be 3, 5, and 6. Since we are not familiar with all the details of this

particular situation, we cannot know whether other determinants are in-

volved. But by imagining some of the details that would be likely, we

can assume a few more determinants into this situation. First let us

consider task related determinants. They might include:

7. Creativity to recognize new applications of established re-
sources.

8. The necessity for an analytic ability to organize data into a
logical and concise form.

9. The manager's past experience in identification of tasks to be
accomplished.

10. The security of the nation is directly dependent, in some
measure, on an accurate accomplishment of the job.

11. The necessity for accomplisihng oeveral small tasks, each re-
quiring a different skill but not Large enough to employ full
time a person possessing each skill.. Therefore one person who
can perform all the tasks is needed.

12. Keeping the organizational boundaries dt-tinct is more impor-
tant than efficient utilization cf engr-. ers.

13. The recent budget cuts require that only one secretary be
hired for every three that leave the Civil Service.

14. The manager of the Resources Application Off. ce is an engineer
himself and finds it easier to direct engine rs to do work
than people of other skills.

Now let us try to judge the legiWimacy of each of these determin-

ants. First it is necessary to establish the overall goals of the Air

Force. Air Force Manual 1-1, United States Air Force Basic Doctrine,

states that "Aerospace forces are designed to be employed.. .to influence

enemy decision making in directions cmpaitble with our basic national
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objective (Ref 1:1-1). It is also assumed that thiG stAould be done as

econonically as possible. Since we are not familiar with the precise

function of the Resources Application Office, we must assume that the

task related determinants given and assumed actually represent real

requirements of the tasks to be performed. If they do, then they can

be judged to be legitimate. But if, for example, there is no require-

ment to organize data into a logical and concise form, determinant

number 8 should not even be listed. The manager must be willing to

realize that a task actually does or does not require some particular

skill or ability. This is an application of the objective identifica-

tion of all the specific determinants. The fact that the manager wants

an engineer and then "adjusts" the definition of the task to specify a

skill which only an engineer possesses can not be judged legitimate

under the author's understanding of best attainment of the overall Air

Force objectives.

Now let us consider the legitimacy of the environmental determin-

ants. First consider determinant number 3. Perhaps closer supervision

of a non-engineer would assure that the job is performed well. If the

cost of such closer supervision is less than the differential costs be-

tween an engineer and a non-engineer then determinant number 3 can be

judged illegitimate. On the other hand, if the reverse is true, this

determinant could be judged legitimate.- Th legitimacy of determinant

14 is judged on a similar basis.

The expression of determinants 5 and 6 represents cognizance of an

Air Force goal to train and retain hiCh quality engineering officers.

If this goal is in reality emphasized by Air Force top management, why

is it that management refuses to support engineers with secretaries
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(determinant number 13)? In Chapter III it was emphasized that the job

satisfaction, and consequently the retention, of engineers is somewhat

dependent upon the amount of support they receive from secretaries and

other support personnel. In the short run, some dollars can be saved

by reducing the engineering support. Although this savings supports

the goal of economy of operations, it conflicts with the desire to re-

tain high quality engineering officers. It is the author's opinion

that the first line manager should not be expected to judge the legiti-

macy of these determinants under these conditions; rather Air Force top

management should resolve this conflict between goals and direct all

sub-organizations to act consistently with this resolution.

Nov consider determinants 11 and 12. As an example, assume that

determinant 11 refers to a job that entails design, testing and publica-

tion of results concerning some technical pheaicena. If an en1i.=tu

were hired he could perform the design, set up the laboratory equipment

to test his design, write the report, type the report and deliver it to

the requesting authority. On the other hand, the requesting authority

could cross organizational boundaries to ask an engineering organization

to perform the design, a laboratory organization to test it, and an

administrative organization to type and deliver the final report. This

would require that several specialists work under the supervision of

the requesting authority for a short time. To the author, the overall

goals of the Air Force would not be comprc•ised by this type of action;

therefore, determinants 11 and 12 are Judged to be illegitimate.

In suamy there are four categories of determinants. We have

Judged that determinants 1, 2, 4 9, 7, 8, 9, and .0 are legitimate; that
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determinants 11 and 12 are illegitimate; that the legitimacy of deter-

minants 5, 6, and 13 must be decided at higher management levels; and

that the legitimacy of determinants 3 and 14 depends on relative cost

comparisons. In practice the last category could be rather easily de-

cided, but the third category is presently a definite stumbling block

in the accurate determination of manpower requirements.

If we consider only those determinants judged definitely legiti-

mate, we see that those numbeied 1, 2, 7, 8, and 10 point to the

requirement of an engineer while determinant 4 suggests an administra-

tive assistant. Now with this "scientific" analysis, the manager can

use his "past experience" (determinant 9) and judgent to fine tune the

decision into one he can rationally and objectively justify.

Use of this Standard

This type of standard is, of course, not the easiest to use and

put into practice. It first requires a detailed analysis and under-

standing of the job to be done. It then requires an objective appraisal

of all the possible determinants that may affect' the decision. These

are perhaps the most difficult steps, for they require the manager not

only to think deeply but to disregard his many personal biases and pro-

judices.
Qnee the first line manager has listed all the determinants, has

weighed the importance of ouch one, and hs made a decision hr can ra-

tionalyjustify, he has done about all he can. It is the task of

higher level uarnwent to support this legitimate Justification.

If, for emple, the real reason a manager requested an engineer

is that he honestly believed that a qualified technician is not available,
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this justification should be openly established. Then if the manager

and his supervisor differ as to the necessity of an engineer, the real

issue can be discussed, rather than arguing about one of the "accepted"

justifications--ccnplexity of the job, for example. Perhaps the super-

visor knows of an available technician.

The importance of the role of all management levels must be under-

stood. Since the first line manager is expected to reflect the wishes

and desires of higher management, it is vitally important that top

management "wish and desire" improvement. It is the responsibility of

top management to understand the full significance of this standard and

to project genuine and sincere interest in its implementation downward

in a forceful manner.

The role of top management in the improvement of utilization of

scientists and engineers has been recognized by many authorities.

Walters in his book Resparch 4ppMemnt stated:

... the improved utilization of scientiflc t-olent will require
more efficient management of science and scientists (Ref
116:1).

And John R. Moore, vice-president of North American Aviation challenged

the National Advanced Technology Management Conference in 1962 with:

We need real breakthroughs in the state of the art of menage-
ment which will... release creative personnel for creative work
and conserve the consecutive time available for our best

ple to work in areas of their greatest competence (Ref.:19).

A corference in 1953 sponsored by the National Manpower Council concluded

Important gins in manpower utilization can take place only if
current practice* are under constant critical review and that
little happens in an ozp&nization unless manament actively
seeks it. It is not enough for top anaoe nt to be receptive;
it mast also be willing to ewert pressure on the whole orgnization
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(- of technical and scientific manpower. (Ref 67:93).

Judgent of Overstatement of Requirements

In Chapter I it was conjectured that zhe requirements for scienti-

fic and engineering services are overstated. The first hypothesis that

a standard does exist was not accpeted. Without a standard by which

one could judge the correct statement of requirements, it is highly

unlikely that the present statement is accurate. It has also been

shown that it is advantageous to the manager to have too many scientists

and engineers rather than too few. It is, therefore, highly unlikely

that the requirements are understated. It can therefore be judged that

the requirements for scientific and engineering services are in fact

overstated. It may be appreciated that the scope of the research did

not allow a determination of the magnitude of this overstatement or any

investigation as to exctly which orgunizations might have overstated

their requirements.

!5



GSM/SM/69-2

V. Summarg, Conclusions, and Recommendations

Summary

Since the early 1950's there has been national concern over the

shortagt of scientists and engineers. Since the real shortage is of

scientific and engineering services, the solution to improve the util-

ization of the available scientists and engineers is obvious. By

increasing the job satisfaction of these people, rnot only is their

efficiency increased, but others vill realize that the profession offt

fine advantages and may desire to join it. One way to enhance the sai

faction from their employment is to provide them technical and cleric&

support. To do this efficiently suggests a management that can objec-

tively analyze a task and group its subtasks in such a manner that eac

employee has an interesting and challenging job and is utilized in an

efficient and effective raner. By doing this, the employee not only

produces efficiently, but he also grows and learns to accept even higl

challenges.

Since this responsibility of management is so vital and important

it was hypothesized that there might exist sone standard or guideline

to assist the mauager. A search for such a standard was conducted In

the literature, industrial firm, professional societies, federal

gcverimnt agencies, and the Air Force. Although no standard was fow

the infoomtion gathered provided the basis of a description of hoW

this responsibility to define mxaor requirw•tes is actually ulf=:

ed.

Me description of tbis proceedure $-n Chapter In revealed that

the estabrlment of requirements for scientlsts and englneers is
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f presently more of a managerial art than a science. That is, managers

depend to a large extent on their own personal judgment and intuition

and have few, if any, concrete methods or proceedures which could be

considered scientifically repeatable or accurate. The research did

reveal that there are a number of specific factors, referred to as

determinants, that play an important role in establishing manpower re-

quirements. But, in general, mansagez are only vaguely aware of such

determinants and do not know how to use them in any definite, straight-

forward, objective manner.

In the analysis in Chapter IV these specific determinants are

grouped together into two categories. TASK RELATED DERZNANTS are

those that are related directly to the requirements of the task while

NON-TASK REIATED MVM NATIS have no relationship to the task to be

performed. The specific task related determinants found during the re-

search were technical expertise, creativity, anal3tic ability, ability

to cezaunicate technical ideas, and that quality of a college graduate

known as the "ability to think". The specific non-task related deter-

minants found were the flexibility of the scientist-engineer to perform

technician's and administrative tasks as well as scientific-engineering

tasks; the availability or non-availability of a specific skill or

* person; economics and budgetary considerations; administrative problems

involved in getting requests for manpower authorizations approved;

politics on a local organizational level; prestige of the manager; pre-

judice of a manager for scientists or engineers; and the priority of

"the particular program. The manager's "put experience" was listed as

a task related determinant but actually serves to tie all the deter-

mintnts together into a final decision.
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Since the hypothesis that there is a standard or guideline which

aids managers in determining requirements for scientific and engineer-

ing services was not accepted, a standard was proposed by the author.

The purpose of this standard was to provide a method of making the

determination of technical manpower requirements more exact. It re-

quires the first line manager to carefully and objectively identify all

the specific determinants involved in a particular decision to require

manpower skills. Then it asks aim to judge the legitimacy of each of

these determinants and to use only those judged to be legitimate in the

decision process. Legitimacy of a particular determinant or the appli-

cation of a determinant in a particular situation was shown to be

directly dependent upon the overall objectives of the organization.

It is therefore necessary that top management give the first line

manager some specific guidance so that he can decide the legitimacy of

a determinant on the basis of the overall objectives.

The usefulness of making this decision prucess into a repeatable

science was emphasized with an example. Two managers using the present

method of establishing technical manpower requirements arrived at com-

pletely opposite decisions because they each used independent arguments.

In effect, each was considering a different set of determinants, neither

set being complete. If they had first agreed upon all the determinants

involved in the decision, they would have had a coon understanding

on which to base their arguments. But even with an agreement as to

which determinants were involved, they would not have been able to agree

on the legitimacy of all of them because the relationship of manpower

requirements to the overall goals of the Air Force has not been made

clear.
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At the beginning of the research effort it was conjectu~red that

the requirements for scientific and engineering services may~ be over-

stated. It was suggested that to judge this overstatement a standard

was needed, but since no standard is presently used there is no way to

judge if the present statement of requirements is accurate. Since it

is more advantageous to have too many rather than too few scientists

or engineers, it was assumed. that the' requirements are in fact over-

stated.

Conclusions

The description of the proceedure for determining operational

requirements for scientific and engineering services revealed that a

n~umber of specific determinants are actually usad by managers. Prcu

the fact that not one individual, either in the literature,, in replies

to letters., or in interviews was able to express a detailed ccmiprehen-

ýsion of these determinantsj, it is concluded that no one is explicitly

aware of them and their significance. Som Individuals did reveal an

obscure-cognizance cf a few of the determinants and were aware that

some were acceptable while others were not.

The present process of determining manpower requirements is based

scmevhat on these specific determinants., but is more dependen~t on

subjective factors such as the manager's judgment,, and intuition. This

provokes a tremendous difficulty in communication.1f the manager can

not explicitly express his reasons for making a Particular decision,

how can he possibly expect to cauiunicate his ideas accurately to acm~e-

one else? Moreover, how can he be sure that he knows what his own ideas

t 'axe? 1+. to eaiuoal asmud that if a person cannot express an idea
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verbally, he may not really understand the idea himself. This situa-

tion could be alleviated by a clear and accurate identification of all

the determinants involved in a decision for manpower requiremcnts.

These determinants can be categorized into TASK RELAT DERINAS

and 1ON-TASK RELATED DERE NANTS. Categorizing the determinants can

assist the manager in his conception of the importance, relevance, and

legitimacy of the specific determinants as well as aid him in identify-

ing all the pertinent determinants.

The manager that has realized that his Justifications are based on

same sort of determinants may be confused both as to the exact definition

of these determinants and as to their legitimacy. Managers have not

they have very little on which to base a decision as to the legitimacy

of the determinants they can identify. Fran the research, the author

has concluded that these are the two basic problems concerning deter-

minations of manpower requirements for scientists and engineers.

Recomnendations

In order to solve these two basic problems, considerable effort is

needed fran all management levels. The first line managers must be

taught the significance of manpower determinants and must learn to re-

cognize specific ones. They then must have some basis for Judglng the

legitimacy of these determinants. Providing and communicating this

basis to the first line managers is the responsibility of top manage-

ment. Top management must agree on what the overall organizational

goals and objectives aren, then on this basis it could make a list of
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I, legitimate and illegitimate determinants, or it could comiunicate the

goals and objectives to the first line managers in such a manner that

they could decide for themselves which determinants are legitimate and

which are illegitimate. It is then vitally necessary that the whole

organization deal consistently with the decision as to which determin-

ants are legitimate. That is, the authority which approves or disapproves

manpower authorizations should not use a different set of legitimate

determinants than the first line manager uses.

For any of these reccmnendations to be adopted, top management

must be convinced that improved utilization is important and that a

Sfeasible solution is within the framework represented herein. Then it

must assure that its conviction is effectively communicated down through

all levels of management. Only with the sincere and genuine support of

to~p management can there be any hope of improvement in the utilization

of scientists and engineers.

Since no research effort is really ever coaplete, it is appropriate

to suggest further areas of research. Before this standard can be

applied on a wiole scale it would be best to test and use it in a pilot

study. This may involve explaining the standard to a variety of people

and using their reactions, criticims) and suggestions to determine

methods of application on a wider scale. Perhaps a rather autonomous

organisation could be found that would be willing to test the standard.

During the research, the author found that the Department of Defense

Laboratories (ef 152), specifically the Air Force Avionics Laboratory

(Ref 161), seemed especially interested in improving the utilization of

their technical manpower.

SbResearch is needed to determine prmctieal and effective methods of
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teaching first line managers how to recognize and employ specific man-

power determinants. Also, practical methods are needed for convincing

top management that it should be sincerely and genuinely interested in

improved manpower utilization and should effectively acmunicate this

interest throughout the organization.
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163. Olive, Jews W. Mbzapmnt agineering aim Requirements Division,
anrctote of *Ma or aM Olnisatieo, a aAte United

ftates Air Pamc, ashlogt~ono D.. July 1 S* Jaly 29, 1969.

ila. Pattrsoun, Jmse A., (apt# URAF. Cinsaers )Nwapat Engineering
ftein bftoe@z 1,* Air ftivenftoj Vtght-Paftteo A750 0.SJ•. 19, 1969.

|4
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165. Walters, Wilmer C. Jr.,, Lt Col, USAF. Assistant Deputy for Prowiect
Management, Deputy for Reconnaissance and Electronic Warfare,
Aeronautical Systems Division, Air Force Systems Cconand, Wright-
Patterson APB, 0. JuLy 15, 1969.

166. Wilson, Charles C. Chief, Analysis Branch, Electronic Intelli-
gence Division, Engineering Directorate, Foreign Technology Division,
Air Force Systems Cczand, Wright-Patterson APE, 0. August 5, 1969.

167. Zabetakis, Stanley G. Chief, Data Processing Branch, Engineering
Data Division, Engineering Directorate, Foreign Technology Division,
Air Force Systems Ccmnand, Wright-Patterson An., 0. July 8, 1969.

.9
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C Appendix A

Copy of letter Requesting Informtion

The next pap displays a copy of the letter sent to industrial

firs and not-for-profit frms. In the letter sent to professional

societies and governmental agencies, the last paragraph wa modified

slightly to appropriately reflect the differences betveen these types of

I organizati ons

iso
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EEPAINUE OF THE AIR FORCE
Air Force Institute of Technology

Wright-Patterson Air Force Base, Ohio 45433
AFITSZ-S

13 June 1969

Mr. R.I. McKenzie, President
Aerojet-General Corp.
9100 E. Flair Dr.
E! Monte, Cal. 91731

Dear Sir:

In support of the thesis requirement for a Master's Degree in Systems
Management at the Air Force Institute of Technology, I am researching
the folloving topic: "An Evaluation of the 3*npower Allocation System
for Scientists and Engineers in the Air Force Systems Command". Pre-
liminary studies have indicated that research and development personnel
feel that their abilities are not fully utilized. I am approaching this
problem by examning the =Lthod now used by the Air Force Systems Cm-
mand to generate job descriptions for its professional personnel.

The scope of this study focuses on the development of manning require-
ments, rather than the personnel staffing function. Therefore, I am
Interested only in the methods and standards used to evaluate the york
that each Individual Is to perform. I am concentrating on five specific
professions: chemist, physicist, electronic engineer, mechanical engi-
neer, and astronautical/aeronautical engineer. mis limitation is nea-
essary due to a September suspense date for the copleted thesis and is
justified because an adequate cross section of research and development
fields is represented.

To achieve a broad understanding of current practices in the dete-mins-
tion of professional skills necessary to meet the objectives of a re-
search and developent effort, your assistance in this research effort
is requested.

I am interested in learning fat guidnoe, criteriaL and standards are
used by the inivi4uals mho detemine yaw maw**r reuizAnn for the
five pVzoessions listed above. I v=M epreciate you tfamatif this
reqmst to theee *ho ptrfom this fimotlon in yo q•nlistion.

VA*k Y& fat yaw a ssisae in thi s avos.

MUAM A. ms
Ift TA.

8Lm
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(Tj Appendix B

List of Recipients, of Lwetters (vith Date Of Loetter)

Asterisk indicates that a reply vas received free recipient.

Industrial Firm

Merojet-General Corp. *Te Boeing Co.

1l 1 on!es, Cal. Seattle, Wash.

13 Jue 1969 13 jime 1969

Air Reduction Co., Inc. 4luvozhs Corp.
New York, N.Y. Detroit, Mich.

16 3mw 1969 16 Juie 1969

SAllts-Cb n�s �3 ats C Co. *hryu•ler Corp.
Mam.wukee, Win. Detroit Mich,
l6 imeun 1969 36 Tue 1969

Am= Corp. Collns Radio Go.
Haftood. City, Col. D&l3Len Tex.

13 3J= 1969 6Ju 1,969

Aym oroP. Cebustion Engineering, Inc.
New Yorks, N.Y. No York, N.Y.
13 july 1969 16 mne 1969

qacook and Wilcox Co. CrapweensiWo Dwispa
Nov York* N.Y. ~iM1aiPA.
Ai JWly 1969 8 July 16

jarme gumma Assooiates Control Data Corp.

20 "M 2i69 13Jeun 19

1 r74frW Carp. Oowtias-Vx'1* Corp.
Wtortwfw od-RM.p V.X4s .J.

353.. AsospeS Crp.Cwtuhi-Sumr', INc.

13 :m. 299 36 June 16

Oft Dam Or. Do i i
])ItsG1M It10.
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R.I. duPont de Nemours & Co. Bonmjwell, Inc.
"Wilmingt on, Del. Minneapolis,, Minn.
16 june 1969 13 June 1969

*aire.ild Hiller Corp. Hughes Aircraft Co.
Germantovn, Md. Culver City, Cal.
16 June 1969 13 June 1969

*e Firestone Tire & Rubber Co. *Interntional Telephone & Telegmph
Akron, 0. Corp.
16 June 1969 Rew York, N.Y.

13 •.une 1969

Ford Motor Co. Lear Siegler, Inc.
Dearborn, Mich. Santa Monica, Cal.
13 June 1969 13 June 1969

The Garrett Corp. *Iang•-eo-Vaht, iTu.
Los Angeles, Cal. Dallas, Tex.
13 June 1969 13 June 1969

*General Dynamics Corp. Arthur D. Little, Inc.
New York, N.Y. Csabridge, NMa&.
13 June 1969 16 june 1969

*General Electric Co. Litton Industries, Inc.
New York, N.Y. Beverly Hills, Cal.
13 June 1969 13 June 1969

General Precision Controls, Inc. *Lockheed Aircraft Corp.
lew York, N.Y. Burbank, Cal.
13 June 1969 13 June•1969

w eB.P. Goodrich Co. *rtin-Marietta Corp.
Akon, 0. Rew York, N.Y.
13 J•ue 969 13 Jýe 1969

GOoodxea• Tire & Rkhbe Co. IIonneU D Corv.
Akron, 0. at. Luas, 1o.
13.3June1969 13 June 290

Guimi Aircraft oudering qaanto Co.
Corp. St. TAI,1, 1b.

Both"# N, NY2. June 1969
16 June 1969

lston labrtes, Ina. an aMama Cash Booster Co.
Falls 0wr V64 brto 08
16 ime 1969 16 J~j 196

Pklo Alto, al1. 21. Smegdo 0"l*
36 jum2%9 1 69 9

83
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*Ntorthrop Corp. Technol~ogy,, Inc.
Beverly Hills, Cal. Dayton., 0.
16 June 1969 16 June 1.969

Ovens-Corning Fiberglass Corp.. Tektronix., Inc.
Toledo., 0. Beaverton., Ore.
16 June 1969 13 June 1969

Philco-Ford Corp. Teledyne,, Inc.
Philadelphia., Pa.. Los Angeles., Cal.
16 .june 1969 13 June1!969j

Pratt & Whitney,, Inc. Texas Instr mnts., Inc.
West Hartford, Conn. Dallas,, Tex.
16 June 1969 13 June 1969

*Radio Corporation of America Thiokol Chemical Corp.
New York, N.Y. Bristol., Pa.
13 June 1969 16 June 1969

Republic Aviation Corp. *TRW, Inc.
Fazzingdaleo L.I.., N.Y. Cleveland., 0.
114. July 1969 14 July 1969

Smnders Associates,. Xnc. *'Union Carbide Corp.
4 ( shua&, FL New York, N.Y.

16 June 1969 16 June 3969

*Sher'win-Williams Co. *Uniited Aircraft Corp.
Cleveland,, 0.* East Hartford., Conn.
16 June 1969 13 June 1969

Singer Co. Western Electric Co.., Inc.
New York., N.Y. New York, N.Y.
163Tune 1969 13 June 1969

Space Craft,, Inc. *Westinghouse Electric Corp.
Huntsville, Ala. Pittsburg., Pa.
16 June 1969 16 June 1969

Sperry Hand Corp.
New York, N.Y.
13 June 1969

Not-Wor-Pxoflit Pirms

*Battelle Nmaorija Institute Jet Propulsion Laboratories
Volmbdb0 Pasadena., Cal.

1 =6 J 2 96 16 June l969
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'p*The XETf Corp. *The Han Corp.
Bedford, Mess. Santa, mica, ol.
16 June 1969 16 jviwm169

Professional Societies

*American Chemical Society Industrial Research Tnstitute
Washington, D.C. New York, N.Y.
16 June 1969 14 Augt 1969

*American Inatitute of Aeronauics *Institute of Electrical and Elec-
and Astronautics tronics Engineers, Inc.

New York, N.Y. New York., N.Y.
13 June 1969 13 Jne 1969

*American Institute of Indstrial *National Acadamy of Sciences
Engineers Washington, D.C.

New York, N.Y. 8 July 1969
4 August 1969

American Institute of Meaent National Manpower Council
New York, N.Y. Columbia University
8 July 1969 New York, N.Y.

-1o July 1969

*American Institute of Physics *National Science Foundation

New York, N.Y.- Washington, D.C.
16 June 969 8 July 1969

*American Management Association **National Security Industrial

Inc. Association
New York, N.Y. Washington, D.C.
8 July 1969 8 July 1969

*American Society of Mechanical *National Society of Professional
Engineers Engineers

New York, N.Y. Washington, D.C.
13 June 1969 8 July 1969

*Engineers Joint Council, *Scientific Mmnpawer Commission
Engineering Manpower Commission Washington, D.C.

New York, N.Y. 13 June 1969
13 June 1969

*wThis letter was returned by the Post Office and marked "moved, not

85



) Fe.deral Goveriental Aece

i * Library of Congress, N~ational 4I.S. Army Ibznoer •aement Agency

Sesferral Center for Science and (AMCO()
TebolUArlington, Ya.

WechingoD.C:. 20 June 1•99

*Na1ljosl AeronalftCB and. Space •U.S. Depatment of Labor, Bureau of

Admnistrati on, Associate Ad- Labor Statistics, Division of Man-

ainistrator! for Orph2i5Stior Power and Occupational Outlook

Sand anmetWashington, D.C.
B.o••c Ai~6us 1969

[ -20 June3.•99
42 ioaIbzLpcme" POlicyTask U. S.•~S Nay Ienpower Validation

W.abrg• , D.C Washington, D.C.

r.-
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- Appendix C

St~atistical wunmuy of Nisber of Letters Sent .and Rgeple Received

SNo. of letters sent Nce. of replies re"lies

Industry 67 26 39

Not-for-profit 4 3 T5

Professional societies 16 12 75
ýGovernmntal agencies 6 5 83

Total 93 460 0

8
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O) Vita

William A. Brmuwr was born on 31 August 194 in Salinas, Califor-

nia, the son of Louis W. and Ruth P. Brimer. He attended three years

of high school in Ridgevood, New Jersey, and then graduated from Wade

Hmptoc High School in Greenville, South Carolina in 1962. He returned

to New Jersey to attend Stevens Institute of Technology in Hoboken. In

1966 he gmduated with the degree of Mechanical Engineer and vas com-

missioned a Second Lieutenant in the United States Air Force. His

first assignment was to the Air Force Missile Develoltnent Center,,

Iollmn Air Force Base, New Mexico. There he was a project officer

testing inertial guidance systems on the high speed test track for the

Central Inertial Guidance Test Facility. In 1968 he bepan studies in

the Dermt of Systems snapment, Air Force Institute of Technology.

feranent address: 827 Hudson St.
Hoboken, N.J. 07030

S~ip thels, vae typed by Wase Arlee Uipw
° Ali
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